Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


&8t  Engm, 

TS 

3DO 


Fdm  A* 


[PROPOSAL  FORM  FOR  MEMBERSHIP 


:p5i 


The  Iron  and  Steel  Institute. 


[D   1869. 


INCOI 


1899. 


Mr.  W., 
Address 


Buaineai  or  Profession 


being  of  the  xequlied  age,  and  desirous  of  becondng  a  Member 
of  Thx  Iron  and  Steel  Institute,  we,  the  undersigned,  from 
our  own  personal  knowledge,  do  hereby  recommend  him  for 
election. 


(a)  Name     in 
full. 


His  qualifications  are 


<P) 


Witness  our  hands,  this day  of 


Address  to  which  communications  are  to  be  sent, 


(&)  State    quali- 
fications 
fully. 


1 


Names  of  three 
Members  re- 
quired. 


Business  address,  if  different  (for  record  only), 


It  wotild  he  a  convenience  if  the  CandicUUe^s  Card  were  sent  at  the  same  time. 
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PREFACE. 

Thb  present  volume  contains  eight  papers  presented  at  the  Annual 
General  Meeting  of  the  Institute  held  in  London  on  May  1st,  1941 ; 
of  these,  one  was  sponsored  by  the  Corrosion  Committee,  one  was 
submitted  by  the  Stresses  in  Moulds  Panel  of  the  Ingot  Moulds 
Sub-Committee  and  one  was  a  Report  prepared  by  the  Oxygen 
Sub-Committee,  the  latter  two  bodies  being  sub- committees  of  the 
Committee  on  the  Heterogeneity  of  Steel  Ingots.  The  discussion 
and  correspondence  on  these  papers  are  aJso  included,  together  with 
the  authors'  replies,  except  in  one  case  where,  owing  to  illness,  the 
author  was  imable  to  draft  his  reply  in  time  for  it  to  be  printed 
here ;  it  is  hoped  that  the  author's  recovery  will  be  rapid  and  com- 

Elete,  and  that  he  will  be  able  to  comment  on  the  correspondence 
efore  the  No.  11.  volume  of  the  Journal  for  this  year  goes  to  press. 
In  addition,  the  replies  of  two  authors  resident  overseas  to  the 
discussion  of  their  papers  presented  at  the  Autumn  Meeting  in 
1940,  which  were  not  received  in  time  for  inclusion  with  the  papers 
themselves,  will  be  found  in  this  book. 

Section  I.  of  this  volume  contains  the  above-mentioned  material 
and  also  the  Minutes  of  Proceedings  of  the  Meeting,  including  the 
speeches  made  at  the  Members'  Luncheon  which  preceded  it, 
together  with  the  Report  of  Council  and  Statement  of  Accounts 
for  1940. 

Section  II.  is  devoted  to  a  survey  of  literature  on  the  manu- 
facture and  properties  of  iron  and  steel  and  kindred  subjects,  and 
consists  of  a  collection  of  abstracts  of  articles  from  the  Transactions 
and  Proceedings  of  scientific  societies  and  from  the  technical  press. 
This  Section  also  contains  reviews  of  recent  books  and  bibliographies 
of  literature  dealing  with  the  manufacture  and  properties  of  iron 
and  steel.  The  matter  included  in  this  Section  has  already  appeared 
in  the  BuUeHn  of  The  Iron  and  Steel  Institute,  which  is  issued 
monthly. 

In  m>nt  of  the  title  page  is  inserted  a  hst  of  British  Standardised 
Steel  Samples  issued  jointly  by  The  Iron  and  Steel  Institute  and 
The  National  Physical  Laboratory,  showing  where  and  on  what 
terms  the  samples  are  available.  Proposal  forms  for  Membership 
and  Assodate^p  and  also  for  Joint  Membership  of  this  InatiMbe 
and  the  Institute  of  Metals  will  likewise  be  found  in  the  same  place. 

4,  Gbosvknob  Qabdkns, 
loxdon,  s.w.i. 
August,  1941. 
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MINUTES     OF     PROCEEDINGS 

AND 

PAPERS       AND       DISCUSSIONS 

AT  THE 

ANNUAL  MEETING,  1941. 

Thb  Sevbnty-Second  Annual  Meeting  of  the  Iron  and  Steel 
Institute  was  held  at  Grosvenor  House,  Park  Lane,  London,  W.  1, 
on  Thursday,  May  1st,  1941.  The  Technical  Se^ion  at  3.0  p.m. 
was  preceded  by  a  Luncheon;  the  President  (Mr.  John  Craig, 
C.B.E.,  D.L.)  presided  over  both  functions. 

Members'  Luncheon. 

Following  the  precedent  of  the  previous  year,  the  Annual 
Dinner  was  replaced  by  a  Luncheon,  which  took  place  at  Grosvenor 
House,  Park  Lane,  London,  W.  1,  at  1  p.m.  Nearly  five  hundred 
and  fifty  Members  and  their  friends,  including  Ladies,  were  present ; 
in  addition  to  those  more  closely  connected  with  the  iron  and  steel 
industry,  the  following  were  among  those  who  accepted  invitations  : 
The  Rt.  Hon.  R.  G.  Menzies,  P.O.,  K.C.,  LL.D.  (Prime  Minister  and 
Minister  for  Co-ordination  of  Defence,  Australia) ;  His  Excellency 
M.  Bjom  Prytz  (Swedish  Minister)  and  Mme.  Prytz ;  His  Excellency 
M.  C.  Simopoulos  (Greek  Minister)  and  Mme.  Simopoulos;  His 
Excellency  M.  Ivan  Soubrotitch  (Yugo-Slav  Minister)  and  Mme. 
Soubrotitch ;  His  Excellency  M.  Joseph  Bech  (Minister  of  Foreign 
Affairs  of  the  Grand  Duchy  of  Luxemburg) ;  The  Rt.  Hon.  Lord 
Hankey,  P.C,  G.C.B.,  G.C.M.G.  (Chancellor  of  the  Duchy  of  Lan- 
caster), and  Lady  Hankey;  Sir  Andrew  Duncan,  G.B.E.,  M.A., 
LL.D.  (Minister  of  Supply) ;  The  Rt.  Hon.  S.  M.  Bruce,  C.H.,  M.C. 
(High  Commissioner  for  Australia),  and  Mrs.  Bruce;  Mr.  W.  J. 
Jordan,  J.P.  (High  Commissioner  for  New  Zealand),  and  Mrs, 
Jordan;  Col.  J.  J.  LlewelUn,  C.B.E.,  M.C,  T.D.,  M.P.  (Parlia- 
mentary Secretary,  Ministry  of  Aircraft  Production) ;  Sir  Rupert 
Howorth,  K.C.M.G.  (Clerk  of  the  Privy  Council),  and  Lady  Howorth ; 
Field-Marshal  The  Rt.  Hon.  Lord  Mihie,  G.C.B.,  G.C.M.G.,D.S.O., 
and  Lady  Milne;  Marshal  of  the  Royal  Air  Force  The  Rt.  Hon. 
The  Viscount  Trenchard,  G.C.B.,  G.C.V.O.,  D.S.O.,  and  Viscountess 
Trenchard;  Lt.-Gen.  Sir  John  Brown,  K.C.B.,  D.S.O.,  C.B.E. 
1941—i  B 
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(Director-General  of  the  Territorial  Army);  Encineer-Vioe- 
Adiniral  Sir  George  Preece,  K.C.B.  (Chief  Engineer  of  the  Fleet), 
and  Lady  Preece;  Sir  E.  V.  Appleton,  F.R.S.  (Secretary  of  the 
Department  of  Scientific  and  Industrial  Research),  and  Lady 
Appleton ;  Sir  Henry  Dale,  C.B.E.,  F.R.S.  (President  of  the  Royal 
Society),  and  Lady  Dale ;  Sir  WiUiam  Bragg,  O.M.,  K.B.E.,  F.R.S. 
(Director  of  the  Royal  Institution);  Sir  Leopold  Savile,  K.C.B. 
(President  of  The  Institution  of  Civil  Engineers),  and  Lady  Savile ; 
Mr.  W.  A.  Stanier  (President  of  the  Institution  of  Mechanical 
Engineers)  and  Mrs.  Stanier;  (Douncillor  L.  Eaton  Smith,  J.P. 
(Mayor  of  the  CJity  of  Westminster);  and  Brig.-Gen.  Sir  Harold 
Hartley,  C.B.E.,  F.R.S.  (Vice-President  of  the  London,  Midland 
and  Scottish  Railway  Company),  and  Lady  Hartley. 

Presentation  of  the  Bessemer  Oold  Medal  for  1041  to  Dr.  T.  Sivinden, 

The  loyal  toast  having  been  honoured,  the  Pbesidbnt  (Mr. 
John  Oaig)  presented  the  Bessemer  Gold  Medal  for  ld41  to  Dr. 
Thomas  Swinden  (Member  of  Council ;  Director  of  Research,  The 
United  Steel  Companies,  Ltd.,  Stocksbridge,  near  Sheffield).  In 
doing  so  he  said  that  one  of  the  pleasures  of  the  presidency  of  the 
Institute  was  that  the  holder  of  that  office  was  entrusted  with  the 
presentation  of  the  Bessemer  Gold  Medal.  That  was  a  great  pleasure 
and  a  great  honour.  The  Coimcil  had  determined  with  complete 
unanimity  that  the  Medal  for  1041  should  be  presented  to  Dr. 
Swinden.  (Applause.)  The  award  was  officially  declared  to  be 
**  in  recognition  of  the  value  of  Dr.  Swinden's  original  investigations 
into  the  metallurgy  of  steel  and  of  his  eminent  services  to  the 
organisation  and  direction  of  research  in  the  steel  industry."  Those 
who  knew  Dr.  Swinden  well  realised  that  the  Council  acted  not 
only  wisely  but  well  in  selecting  him  for  such  a  high  honour. 

Dr.  Swinden's  work  in  connection  with  txmgsten  steel  and  his 
close  study  of  molybdenum  in  steel  were  well  known.  His  most 
important  recent  work  was  an  investigation  into  the  properties  of 
cold-roUed  steel  and  the  control  of  grain  size,  and  that  work  had 
been  described  in  papers  published  in  the  Institute's  Journal, 
Dr.  Swinden's  work  in  improving  the  quality  of  the  products  of 
the  iron  and  steel  industry  had  not  been  confined  to  the  theoretical 
study  of  the  problems  of  the  industry.  He  had  built  up  one  of  the 
finest  research  organisations  in  the  country.  He  took  a  leading 
part  in  the  direction  of  organised  research  for  the  industry  and  was 
Chairman  or  Vice-Chairman  of  numerous  Research  Committees. 
He  had  also  rendered  great  service  to  the  country  by  giving  advice 
which  had  proved  of  the  utmost  value  to  various  Controls. 

If  he  might  add  something  of  more  personal  interest,  he  would 
say  that  if  there  was  one  town  which  had  a  thorough  knowledge 
of  the  steel  trade  that  town  was  Sheffield,  yet  even  in  that  en- 
lightened town  Dr.  Swinden  had  shed  further  light,  and  he  thought 
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that  those  engaged  in  the  industry  in  Sheffield  would  be  very  willing 
to  join  in  doing  honour  to  Dr.  Swinden  on  the  present  occasion. 

For  reasons  which  would  be  appreciated  by  most  people,  the 
Medal  which  he  was  to  hand  to  Dr.  Swinden  was  not  a  gold  medal. 
He  thought  it  would  have  been  most  appropriate  to  make  it  of 
Sheffield  steel,  but  that  had  not  been  done,  perhaps  because  it  was 
felt  tiiat  Scotland  or  some  other  area  would  object  to  the  use  of 
an  advertisement  in  that  form.  {LaugJUer.)  Therefore  a  neutral 
metal  had  been  used,  but  the  gold  woidd  be  forthcoming  at  a  later 
date.  In  the  meantime  he  would  ask  Dr.  Swinden  to  receive  a 
medal  which  was  meant  to  be  gold  and  which  was  gold  in  spirit. 

The  President  then  handed  the  Medal  to  Dr.  Swinden  amid 
loud  applause. 

Dr.  T.  Swinden,  in  acknowledgng  the  award,  said  that  in 
normal  times  the  recipient  of  the  Bessemer  Gold  Medal  availed 
himself  of  the  opportunity  afforded  by  its  presentation  to  say 
something  of  his  work  and  aspirations,  but  that  was  not  possible 
in  the  present  circumstances.  He  was  i)ermitted,  however,  to  say 
how  deeply  sensible  he  was  of  the  very  great  honour  which  had  been 
conferred  upon  him  and  to  thank  the  l^resident  for  the  all  too  kind 
terms  in  which  he  had  referred  to  the  work  for  which  the  Council 
had  thought  him  worthy  of  the  award.  The  fact  that  the  medal 
was  a  token  medal  might  in  fact  be  of  considerable  historic  interest 
in  the  future.  His  pleasure  in  receiving  the  award  had  been  very 
much  enhanced  by  the  letters  that  he  had  received,  and  he  would 
like  to  take  the  present  opportunity  of  saying  how  deeply  he  ap- 
preciated them.  In  common  with  many  previous  recipients,  he 
regarded  the  award  not  onlv  as  a  personal  one  but  also  as  a  recogni- 
tion of  the  efforts  of  those  ior  whom  and  with  whom  he  had  had  the 
honour  and  pleasure  of  working  for  so  many  years. 

In  conclusion,  he  could  only  say  that  he  regarded  the  award  as 
an  incentive  to  further  service  to  the  Institute  and  the  industry 
and  that  he  would  do  his  utmost  to  render  that  further  service. 

A  Prime  Minister  once  wrote  :  "  Rational,  industrious,  useful 
beings  are  divided  into  two  classes  :  those  whose  work  is  work  and 
whose  pleasure  is  pleasure,  and  those  whose  pleasure  and  work  are 
one.  Fortune  has  favoured  those  who  belong  to  the  second  class." 
In  that  respect  he  counted  himself  fortunate.     (ApplaiLse.) 

The  Toasts. 

The  Right  Hon.  R.  G.  Menzies,  P.O.,  K.C.,  LL.D.  (Prime 
Minister  and  Minister  for  Co-ordination  of  Defence,  Australia),  in 
proposing  the  toast  of 

"  The  Iron  and  Steel  Institute  and  Industries,*' 

said :   I  must  first  apologise  for  coming  here  so  late,  but  the  fact 
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is  that  there  is  a  War  Cabinet  in  this  country  which,  in  my  ex- 
perience of  it,  observes  the  most  irregular  hours,  and  if  you  have 
any  complaints  to  make  about  my  late  arrival  I  hope  you  will 
address  them  in  writing  to  the  Prime  Minister  of  this  country. 
(Laughter.)  When  I  arrived  I  had  a  very  hurried  lunch,  for  which 
I  shall  no  doubt  suffer  later  on.  (Laiighter.)  I  fell  into  conversa- 
tion with  the  President,  and  the  moment  I  heard  him  and  saw  his 
name  I  said  to  myself :  "  Is  it  not  marvellous  ?  Whenever  you 
find  yourself  in  Great  Britain  in  any  really  profitable  industry  a 
Scotsman  is  there."  (Laughter.)  Finding  that  I  was  between  a 
Craig  and  a  Duncan,  I  said  to  the  President :  "  Are  there  any  non- 
Scotsmen  connected  with  this  Institute  ?  "  I  wanted  to  know, 
because  I  wished  to  find  out  whether  I  should  have  to  talk  down 
to  my  audience  or  up  to  it.  (Laughter.)  The  President  replied  : 
**  Oh  yes;  in  fact,  apart  from  Duncan  and  myself,  I  do  not  think 
there  are  any  Scotsmen  connected  with  it."  Then  I  looked  at 
the  list  of  those  who  are  supposed  to  be  here  and  I  found  that  the 
only  one  who  can  claim  to  be  an  Englishman  is  the  Earl  of  Dudley — 
and  his  seat  is  empty.  So  I  address  myself  to  you  as  brother  Scots, 
and  I  ask  you  to  do  what  is  most  pleasing  to  the  Scottish  heart — 
to  have  a  drink  in  a  good  cause;  and  the  good  cause  will  be  the 
toast  of  The  Iron  and  Steel  Institute  and  Industries. 

It  would  be  very  undesirable  if  a  guest  of  yours,  arriving  late, 
kept  you  too  late  as  a  result,  and  so  I  shall  endeavour  to  say  some- 
thmg  on  this  vast  topic  of  The  Iron  and  Steel  Institute  and  the  iron 
and  steel  industries  within  as  brief  a  compass  as  possible. 

There  was  a  time,  many  centuries  ago,  when  wars  were  fought 
by  small  bodies  of  men,  and  when  communities  went  on  their 
ordinary  way,  sometimes  hardly  conscious  that  a  war  was  being 
fought;  but,  as  time  has  passed,  as  technique  has  developed  and 
as  scruples  have  become  less,  war  has  spread  its  net  further  and 
further,  until  at  this  time  we  find  ourselves  engaged  in  a  war  that 
has  been  called  a  "  total  war,"  in  which  no-one  who  is  within  range 
of  any  instrument  of  death  can  regard  himself  or  herself  as  being  on 
anything  other  than  active  service.  The  people  of  this  country, 
for  example,  are  without  exception  at  war  and  in  war,  and  more 
and  more  as  time  goes  on  they  realise,  just  as  we  who  are  further 
away  in  Australia  and  people  on  the  American  Continent  begin  to 
realise,  that  to  win  a  total  war  you  must  have  a  total  organisation 
of  every  resource  that  you  have.  More  than  that,  the  longer  this 
war  goes  on  the  more  we  begin  to  realise  its  most  outstanding 
characteristic.  There  has  been,  I  suppose,  no  other  war  in  history 
in  which  so  many  conquests  have  taken  place  in  so  short  a  time. 
It  is  true  that  Napoleon  found  his  way  ultimately  across  the  whole 
of  Europe,  but  it  took  him  years  to  do  it.  Hitler  finds  himself 
to-day  straddUng  most  of  Europe,  and  at  all  material  times  it  has 
taken  him  only  a  matter  of  weeks  to  achieve  each  conquest.  This 
war  has  been  going  on  for  over  a  year  and  a  half,  and,  although 
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Europe  has  never  seen  such  changes  and  such  conquests  in  such  a 
period  before,  the  total  casualties  are  a  mere  fraction  of  those  that 
most  people  expected  when  this  war  began. 

Now,  all  those  eloquent  facts  have  demonstrated — and  I  hope 
that  we  have  realised  it — that  this  is  a  war  in  which  the  factory, 
the  organisation,  the  machine  are  much  more  important  than  at 
any  time  before  in  the  world's  history.  I  do  not  know  whether 
there  are  any  of  us  left  in  the  British  world  who  still  want  to  talk 
in  terms  of  numbers,  who  still  want  to  think  in  terms  of  divisions, 
who  still  want  to  work  out  mathematical  calculations  about  the 
total  man-power;  but,  if  there  are,  let  us  abandon  that  habit 
while  there  is  yet  time.  We  have  to  estimate  our  strength  in  this 
war  by  asking  ourselves  just  what  industrial  power,  translated  into 
terms  of  machines  of  war,  we  can  put  into  the  hands  of  our  soldiers. 
{Applause.) 

We  are  a  slow-moving  people.  I  do  not  say  that  with  pride, 
but  with  regret.  We  have  too  much  the  disposition  to  think  of 
to-day  in  terms  of  yesterday.  Only  a  few  years  ago,  it  took  us 
some  time  to  realise  that  the  industrial  ef&ciency  of  the  individual 
was  very  largely  conditioned  by  the  number  of  horse-power  that 
he  had  at  his  elbow,  and  in  this  war  we  must  realise  clearly,  and 
pattern  the  whole  of  our  policy  upon  it,  that  the  efficacy  of  a  British 
Army,  whether  from  the  Ui^ted  Kingdom,  from  AustraUa,  from 
New  Zealand,  from  South  Africa  or  from  Canada,  will  depend  not 
only  on  the  courage  and  skill  of  the  men  who  compose  it  but  also, 
and  mightily,  upon  the  number  of  tanks,  vehicles  and  guns  with 
which  we  have  been  able  to  equip  them.  I  venture  to  say,  there- 
fore, that,  properly  understood,  this  is  above  all  other  wars  an 
industrial  war;  and  the  work  being  done  by  the  heavy  industries 
of  the  British  world  is  therefore  seen  to  be  the  most  vital  work, 
so  vital  that  I  am  not  sure  that  everyone  in  the  iron  and  steel 
industry  should  not  be  regarded  as  being  on  active  service.  I  am 
not  sure  that  you,  Mr.  I^esident,  should  not  at  once  be  made  a 
General !  I  am  not  sure  that  we  should  not  have  some  outward 
symbol  by  which  we  recognise  not  merely  that  the  iron  and  steel 
industries  of  the  British  world  are  making  iron  and  steel,  but  that 
in  the  most  literal  sense  the  iron  and  steel  industries  have  gone 
to  war. 

Speaking  on  behalf  of  one  Government  in  the  British  Empire, 
I  want  to  say  that  nothing  can  ever  adequately  express  the  debt 
of  Governments  and  the  debt  of  peoples  to  the  great  iron  and  steel 
industries  not  only  of  Great  Britain  but  of  the  British  world.  It 
is  only  a  few  years  ago  that  I  used  to  find  myself  in  London,  some- 
times in  this  very  room,  in  which  vast  dinners  used  to  be  given 
and  vast  speeches  made — some  of  them,  I  regret  to  say,  by  myself — 
and  I  remember  very  well  that  in  those  days  we  argued  about 
some  strange  things.  I  used  to  meet  such  friends  as  I  had  in  the 
iron  and  steel  industry  of  Great  Britain,  and  they  would  say  to  me. 
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almost  sadly :  "  What  about  you  people  in  Australia  ?  I  am  told 
that  you  grow  very  good  wheat ;  I  am  told  that  your  wool  is  ex- 
cellent; I  am  told  that  your  butter  is  superb.  But  why  do  you, 
with  your  small  population,  set  about  making  iron  and  steel  ?  Why 
do  not  you  leave  it  to  us  ?  "  (Laughter.)  In  the  last  few  weeks 
that  I  have  been  here  I  have  had  many  grim  and  humorous  re- 
flections on  that  question,  because  I  have  said  to  myself :  "  If  we 
had  stuck  to  making  butter,  would  Lord  Woolton  be  giving  it  to 
you  to-day  ?  If  we  had  stuck  to  growing  wheat  and  meat,  would 
it  be  on  your  tables  in  some  form  or  another  to-day  ?  Would  the 
shipping  problem  be  any  less,  and  would  the  Battle  of  the  Atlantic 
be  less  important  if  we  had  done  those  things  ?  "  Of  course  not; 
but  Australia  would  have  been  less  important  in  this  war.  Australia, 
instead  of  being,  as  she  is,  one  of  the  really  great  manufacturers 
of  munitions  in  this  war,  would  be  to-day  on  the  list  of  those  for 
whom  my  friend  Sir  Andrew  Duncan  has  to  provide.  He  would 
be  saying  :  "  I  want  so  many  guns  and  such  and  such  munitions 
for  Great  Britain,  so  much  for  the  Middle  East,  and  I  must  also 
provide  for  Australia."  Instead  of  that,  he  could  now  tell  you 
that  he  is  able  to  say  :  "  What  are  my  sources  of  supply  ?  One 
of  them,  honourably  placed,  is  Australia."     (AppUmae,) 

I  do  not  say  that  because  I  want  to  stir  up  any  echoes  of  those 
past  debates,  but  I  say  it  because  I  want  to  add  this.  My  country 
^uld  not  at  this  moment  be  progressing  as  she  is  in  aU  forms  6i 
engineering  production  for  war  if  it  were  not  for  the  iron  and  steel 
industry  of  Australia.  Never  a  week  goes  by  in  my  ofl&ce  in 
Australia  when  I  do  not  feel  or  express  gratitude  for  the  wisdom 
of  those  men  who  decided  that  for  the  security  of  Australia,  to 
enable  her  to  play  her  full  part  should  any  trouble  occur  in  the 
world,  there  should  be  laid  down  firmly  and  broadly  the  foundations 
of  heavy  production.  The  results,  of  course,  have  been  beyond 
anyone's  expectations.  We  not  only  see  iron  and  steel  in  this 
country  as  the  foundation  of  the  defence  of  Great  Britain,  we  not 
only  see  iron  and  steel  in  America  as  the  foundation  of  an  ultimate 
and  crushing  victory,  but  we  see  iron  and  steel  in  Australia  as 
the  basis  upon  which  the  greatest  effort  of  our  lifetimes  is  being 
put  forth.     (Apph/aae.) 

It  is  very  frequently  possible  to  make  speeches  and  pleasant 
remarks  about  matters  which  are  relatively  superficial.  It  is 
quite  possible  to  lay  a  just  emphasis  upon  a  small  matter.  But  it 
is  quite  impossible  for  any  guest  of  yours  to  lay  undue  or  excessive 
emphasis  upon  the  importance  at  this  time  of  the  industry  which 
you  represent.  When  some  historian  of  the  future  looks  back  on 
the  records  of  this  war,  and  when  in  a  freer  world  and  a  happier 
time  he  writes  the  story  of  what  has  occurred  in  these  years,  he  will 
perhaps  remember  some  things  which  appear  at  the  moment  to  be 
transient.  He  will  remember  some  great  speeches  made  by  some 
great  men  in  this  country;    he  will  remember  some  magnificent 
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decisionB  taken  by  Parliament  in  this  country.  He  will  remember 
— nobody  would  ever  dream  of  forgetting — the  superb  courage 
and  spirit  shown  by  the  men  who  fight  for  this  country  and  by  the 
women  who  fight  for  this  country.  He  will  remember  all  these 
things;  but  I  believe  that  above  all  he  will  say  that  in  this  war 
the  real  foundation  of  success  was  laid  by  those  who  did  not  think 
that  they  were  on  active  service,  who  had  no  uniform,  who  worked 
in  grimy  overalls,  juggling  with  large  masses  of  molten  metal; 
because,  he  will  say,  this  was  the  beginning  of  an  age  in  which 
the  industries  of  a  country  were  seen  to  be  among  the  great  fighting 
services  of  that  country.  When  that  has  been  recorded,  I  believe 
that  the  position  of  the  iron  and  steel  industry  and  the  relation 
of  large-scale  industry  to  the  conduct  of  the  affairs  of  the  State 
will  have  been  seen  in  a  new  light,  and  that  we  shall  go  forward 
into  a  period  when  politics  will  not  be  regarded  as  the  eccentricity 
of  a  few  people,  but  will  be  seen  as  a  sphere  of  activity  in  whicn 
the  great  men  of  industry  will  be  recognised  as  great  men  of  their 
country  and  great  men  of  affairs.  In  that  sense  I  am  not  at  all 
sure  that  our  brilliant  and  distinguished  friend  Sir  Andrew  Duncan, 
for  whose  work  in  this  war  I  have  intense  admiration,  will  not  be 
regarded  as  the  founder  of  a  sort  of  industrial  dynasty  in  (Jovem- 
ment  circles.  If  he  is,  I  shall  be  delighted,  because  when  the 
business  man,  the  great  industrialist  and  the  politician  are  no  longer 
seen  as  point  and  counter-point  but  as  people  who  ought  to  coincide 
and  to  have  a  joint  responsibility,  and  who  may  very  well  be  the 
same  people,  I  believe  that  we  are  going  to  develop  an  enormous 
political  power  of  a  kind  that  we  have  not  previously  realised. 
(Applatiae,) 

It  is  a  great  pleasure  and  a  great  honour  to  submit  to  you  the 
toast  of  The  Iron  and  Steel  Institute  and  the  Iron  and  Steel 
Industries.     {Applause . ) 

The  President  (Mr.  John  Craig,  C.B.E.,  D.L.),  who  responded, 
said  :  It  is  a  great  honour  to  us  at  this  Luncheon  that  our  Institute 
should  be  referred  to  in  the  way  that  it  has  been  by  the  Prime 
Minister  of  Australia.  His  presence  in  this  country  has  been  to 
everyone  most  stimulating  and  fortifying,  and  has  been  a  great 
source  of  encouragement  to  all  the  people  of  the  homeland ;  it  has 
been  a  great  encouragement  to  us  that  someone  should  come  from 
the  Dominions  so  fortified  by  ability,  enthusiasm,  energy  and  know- 
ledge to  help  us  in  this  day  of  trial,  and  many  have  gained  inspiration 
from  his  presence  and  from  his  speeches  and  have  been  helped  by 
the  conscious  power  that  lies  behind  him  and  the  great  country 
which  he  represents.  {Applause,)  We  welcome  him  here  to-day 
not  only  as  a  great  statesman  &om  a  great  country  but  likewise 
as  coming  from  a  coimtry  which  is  worthily  maintaining  the  highest 
traditions  of  our  industry. 

I  can  recall  the  arguments  of  a  few  years  ago,  when  those  in 
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our  industry  in  the  old  country  were  unduly  perturbed  and  made 
anxious  by  witnessing  the  development  of  the  industry  in  Australia ; 
and  I  had  intended  in  what  I  had  planned  to  say  to  recall  those 
days  and  to  express  thankfulness  that,  after  all,  the  industry  in 
Australia  had  developed,  and  developed  on  such  a  sound  foundation. 
Nature  has  been  extraordinarily  kind  to  Australia,  giving  her 
wonderful  iron  ore  deposits  and  all  the  other  requisites  for  the 
making  of  steel,  thus  surely  indicating  that  some  day  she  was  bound 
to  make  steel.  It  is  fortunate  that  her  great  industry  fell  into  the 
hands  of  the  people  who  in  fact  direct  it.  Many  of  us  are  acquainted 
with  them  and  are  fully  conversant  with  the  work  that  they  have 
done.  They  planned  on  broad  lines,  and  laid  the  foundations  of  the 
industry  in  the  best  possible  way ;  and  to-day  we  are  very  grateful 
to  the  enlightened  men  who  developed  the  industry  there  on  no 
small  Unes.  We  are  all  well  aware,  and  almost  envious,  of  the 
excellent  plant  which  exists  in  Australia,  and  we  admire  the  men 
who  lead  it  and  who  have  taken  advantage  of  all  the  knowledge 
which  can  be  gathered  in  America,  on  the  Continent  and  in  our 
own  country;  because  prior  to  the  war  not  many  months  passed 
without  someone  coming  from  Australia  on  purpose  to  see  the  latest 
developments,  and,  if  they  were  good,  very  soon  they  were  copied. 
We  are  grateful  to  them  for  stepping  in  and  for  being  so  helpful 
in  this  great  crisis. 

It  is  good  to  hear  the  industry  spoken  of  as  it  has  been.  I 
have  been  in  this  room  at  a  time  when  to  speak  of  The  Iron  and 
Steel  Institute  and  the  iron  and  steel  industries  was  almost  to 
apologise  for  appearing  on  the  platform.  They  were  regarded  as 
having  had  their  day,  and  they  received  no  support  from  anyone. 
The  only  statement  by  Mr.  Menzies  to  which  I  can  take  exception 
is  that  he  has  called  this  "  a  profitable  trade."  {Laughter,)  I 
suppose  that  it  ought  to  be,  and  perhaps  we  can  take  it  that  he 
believes  that  it  ought  to  be,  and  that  is  an  asset  in  itself.  I  have 
lived  in  days  when  it  was  otherwise,  and  now,  when  it  is  profitable, 
the  Chancellor  of  the  Exchequer  is  making  quite  sure  that  he  will 
be  the  only  profiteer.     (Laughter,) 

As  regards  the  work  of  the  Institute,  perhaps  to-day  there  is 
a  better  outlook.  In  the  old  days  it  was  the  skilful  speculator 
who  was  regarded  as  the  distinguished  steelmaker,  the  man  who 
sized  up  the  markets  and  bought  and  sold.  Personally,  I  always 
thought  that  steelmaking  should  be  steel  making,  and  based  on  the 
provision  of  an  article  for  national  use.  The  Institute  struggled 
in  those  days  to  uphold  the  technical  and  scientific  side  of  the 
industry,  and  did  so  through  difficult  years ;  but  it  has  now  come 
into  its  own.  We  are  now  realising  more  than  ever  that  it  is  the 
scientific  side  of  steelmaking  which  proves  of  the  greatest  benefit 
in  time  of  crisis ;  it  is  not  how  cheaply  we  can  make  steel  but  how 
good  we  can  make  it  which  counts  to-day.  If  ever  there  was  a 
time  when  good  steel  was  required  it  is  to-day,  and  I  am  thankful 
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to  believe  that  the  steel  which  is  being  provided  for  our  Services, 
perhaps  not  so  quickly  as  some  would  like,  is  reliable,  and  they  can 
trust  their  lives  to  it.  I  think  it  has  been  proved  that  the  steel 
with  which  the  Services  have  been  provided  will  not  take  second 
place  to  steel  made  in  any  other  part  of  the  world.  The  technical 
members  of  the  industry  have  been  greatly  encouraged  by  Mr. 
Menzies,  who  has  indicated,  I  think,  that  those  who  are  engaged 
in  the  making  of  steel  are  very  much  more  important  than  those 
who  are  engaged  in  buying  and  selling.  I  am  happy  to  think  that 
encouragement  is  given  to  those  who  have  a  technical  outlook 
on  life. 

As  far  as  the  Institute  is  concerned,  the  great  work  which  it 
did  in  pre-war  years  lay  in  giving  to  young  men  a  consciousness  of 
the  value  of  research,  a  feeling  that  they  were  never  to  be  satisfied 
with  what  was  being  done,  that  they  were  ever  to  be  critical  of 
what  their  fathers  had  done  and  never  to  accept  what  their  grand- 
fathers had  done  as  limiting  what  they  could  do  with  the  present, 
but  that  they  must  themselves  bring  a  new  mind  to  bear  and  harness 
the  new  knowledge  constantly  placed  at  their  disposal.  We  are 
to-day  rendering  to  the  State  a  service  which  would  have  been 
impossible  if  we  had  continued  to  conduct  our  business  on  what 
might  be  termed  commercial  lines.  I  trust  that  the  younger  men 
will  realise  that  steelmaking  is  a  very  young  business,  and  that 
what  we  know  about  it  is  infinitesimal  compared  with  what  remains 
to  be  known.  A  great  many  things  are  being  discovered  to-day 
which  are  quite  revolutionary.  I  am  old  enough  to  realise  that  steel 
is  being  produced  to-day  of  a  quality  and  in  a  manner  which  not  very 
many  years  ago  a  good  many  of  us  believed  to  be  quite  impossible. 

The  Institute  is  encouraged  by  this  gathering,  and  greatly 
encouraged  by  the  speech  which  Mr.  Menzies  has  made,  with  his 
intimate  knowledge  of  what  is  happening  elsewhere.  We  may 
have  to  turn  our  eyes  far  away  to  learn  something  new,  but  I  am 
sure  that  Australia  is  most  willing  to  co-operate  and  to  put  at  our 
disposal  anything  which  her  people  have  learned  in  steelmaking. 

That  should  have  been  the  end  of  my  speech,  and  the  next 
toast  should  have  been  proposed  by  my  friend  Lord  Dudley.  Un- 
fortunately he  has  been  detained  on  urgent  duties  in  connection 
with  the  important  post  which  he  holds  of  Civil  Defence  Com- 
missioner for  the  Midlands,  and  I  have  been  asked  in  his  place  to 
propose  the  toast  of 

''The  Quests:' 

It  is  a  great  honour  to  be  permitted  to  propose  this  toast.  Our 
guests  are  a  very  distinguished  company.  It  is  true  that,  as  has 
already  been  remarked  to  me  since  I  entered  this  room,  they  are 
perhaps  the  most  distinguished  company  of  guests  that  has  ever 
been  present  at  a  function  of  The  Iron  and  Steel  Institute.     We 
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have  with  us  the  Swedish  Minister,  and  the  Ministers  of  our  gallant 
allies,  Greece  and  Yugo-Slavia.  (Applavse,)  We  have  some 
members  of  the  Cabinet,  including  a  member  of  the  War  Cabinet, 
who  has  addressed  us.  We  have  a  number  of  guests  from  America, 
and  we  cannot  mention  America  without  saying  how  profoundly 
grateful  we  are  for  all  that  she  has  done  and  is  doing  to  help  us. 
(Applavse,)  We  were  always  far  enough  away  to  be  quite  friendly 
with  the  Americans  in  the  past  so  far  as  steelmaking  is  concerned 
(laughter) y  and  to-day  we  are  greatly  their  debtors  for  what  they  are 
doing,  especially  in  the  steel  world,  and  we  welcome  them  to  our 
table  this  afternoon.  There  are  present  the  High  Commissioners 
of  Australia  and  New  Zealand  and  representatives  of  Canada, 
South  Africa  and  India  as  well  as  of  our  gallant  ally  Poland.  We 
have  also  with  us  members  of  the  learned  societies,  and  those  on 
whom  we  look  with  great  favour  in  times  of  peace  because  they 
consume  the  articles  that  we  produce;  and  we  always  hope  that 
they  will  develop  their  learning  along  the  lines  of  using  more  steel ! 
We  hope  that  they  will  succeed  in  their  efforts  to  help  civilisation 
by  the  development  of  steel  production.  There  are  present  also 
representatives  of  the  purely  scientific  societies,  including  our 
old  friend  Sir  William  Bragg  {applause),  who  a  year  ago  made  a 
memorable  speech  here.  We  recognise  with  gratitude  that  even 
pure  science  can  be  very  helpful  to  us,  because,  so  far  as  some  of 
the  problems  which  confront  the  practical  men  are  concerned,  it 
is  the  pure  scientist  who  is  opening  the  door  which  may  lead  to 
their  solution. 

We  take  the  presence  of  all  our  guests  this  afternoon  as  an 
encouragement.  Many  of  them  are  working  long  hours  and  strenu- 
ously, but  I  like  to  think  that  they  are  here  to-day  because  they  wish 
to  say  to  us  in  the  iron  and  steel  industry  that  they  recognise 
that  we  are  engaged  on  important  work,  and  they  would  like  to 
encourage  us  to  do  more.  Our  guests  are  thus  full  of  encourage- 
ment for  us,  and  on  your  behalf  as  well  as  my  own  I  give  them  a 
most  warm  welcome  and  thank  them  for  being  here  to-day. 

I  have  very  great  pleasure  in  coupling  this  toast  with  the  name 
of  our  good  friend  from  Luxemburg,  M.  Bech.  Many  of  us  have 
very  tender  memories  of  frequent  visits  to  his  country,  where  we 
were  treated  most  hospitably  and  where  we  recognised  that  the 
industry  was  in  very  capable  hands.  We  have  many  members  in 
that  country,  and  many  friends,  and  we  wish  them  well.  We 
have  members  in  many  countries,  and  we  welcome  those  of  them 
who  are  here  to-day.  We  have  friends  in  enemy  countries  who 
perhaps  wish  us  well,  in  spite  of  all.  I  have  great  pleasure  in  asking 
you  to  drink  the  toast  of  our  Guests,  coupled  with  the  name  of 
M.  Bech.     (Applauae,) 

His  Excellency  M.  Joseph  Bech,  Minister  of  Foreign  Affairs 
of  the  Grand  Duchy  of  Luxemburg,  who  responded,  said  :   It  is  an 
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honour  and  a  great  pleasure  to  reply  on  behalf  of  the  guests.  I 
thank  your  President  for  the  cordial  way  in  which  he  has  proposed 
this  toast,  and  I  regret  that  1  am  unable  to  improvise  the  words  of 
sincere  gratitude  in  which  1  should  like  to  express  my  thanks  for 
the  words  that  he  addressed  to  my  country.  I  can  only  say  "  Thank 
you  "  firom  the  bottom  of  my  heart.  After  saying  this,  I  need 
hardly  add  that  I  certainly  do  not  owe  the  pleasant  duty  of  speaking 
on  behalf  of  so  many  distinguished  people  to  my  insufficient  know- 
ledge of  English ;  probably  I  owe  the  privilege  to  two  Members  of 
this  Institute,  Thomas  and  Gilchrist,  the  inventors  of  the  basic 
converter  process  of  steel  manufacture,  which  made  it  possible 
for  the  industry  of  Luxemburg  to  rank  among  the  largest  iron  and 
steel  producers  in  Europe.  I  wish  here  to  pay  homage  to  these 
Ehiglish  metallurgists,  whose  invention  definitely  established  the 
prosperity  of  my  country. 

A  few  days  ago  I  visited  an  antique  shop  near  Picc€Mlilly,  and 
came  upon  a  beautiful  old  picture  with  the  Latin  inscription  ''  Omnis 
salus  in  ferro  " — all  safety  lies  in  iron.  It  represented  a  suit  of 
armour,  gauntlets  and  shield  and  sword,  laid  ready  for  the  knight 
to  wear.  At  first  sight  this  inscription — which  might  well  be  a 
motto  for  this  Institute — seemed,  if  I  might  say  so,  somewhat 
ironical  (laughter),  for  the  place  was  siurounded  by  the  devastation 
caused  by  German  iron;  and  yet  that  device  is  true,  and  to-day 
is  truer  than  ever,  for  our  safety,  our  salvation  lie  in  iron.  As  one 
of  your  Ministers  said  recently,  superiority  of  soul  and  spirit  is  not 
sufficient  to  fight  a  better  equipped  foe.  Never  in  history  were 
there  knights  of  higher  spirit  fighting  for  a  nobler  cause  than  the 
soldiers,  sailors  and  airmen  of  Great  Britain,  her  Dominions  and 
her  Allies  {applaiLse),  and  at  this  moment,  in  the  presence  of  Mr. 
Menzies,  the  eminent  Prime  Minister  of  Australia,  and  of  the  High 
Commissioner  for  New  Zealand  and  the  Greek  and  Yugo-Slav 
Ministers,  how  could  I  fail  to  pay  special  tribute  to  the  heroism  of 
their  soldiers?  (Applause,)  The  spirit  is  there  indeed,  and,  as 
for  the  weapons,  you,  the  men  of  the  iron  and  steel  industries,  with 
the  magnificent  and  almost  unlimited  help  of  the  United  States, 
are  laying  them  ready  for  victory  and  salvation.  (Applause.) 
It  is  not  lOT  me  to  gauge  the  immense  productivity  of  this  country 
and  of  the  United  States,  but  your  great  Prime  Minister  has  told 
us  that  Great  Britain  and  the  United  States  together  are  producing 
more  steel  than  the  rest  of  the  world  combined ;  and  who  better 
than  Sir  Andrew  Duncan  can  value  the  greatness  of  your  war 
effort  and  the  debt  which  this  country  and  aU  of  us  owe  to  the 
high  intelligence  of  the  industrial  leaders  and  the  skill  of  the  British 
workers,  and  who  more  than  you  can  value  Sir  Andrew's  presence 
in  the  Government  ?     (Applause.) 

In  his  recent  splendid  speech,  the  Prime  Minister  spoke  of  a 
certain  bad  man  and  of  a  tiger.  This  man  is  in  fact  riding  a  tiger, 
and,  as  the  old  Chinese  proverb  says,  "  he  who  rides  a  tiger  cannot 
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get  off."  Hitler's  measureless  and  wanton  aggressive  policy  will 
surely  drive  him  on  and  on  to  the  fatal  end  which  awaits  aU  con- 
querors and  oppressors  of  peoples.  (Applauae.)  Until  that  fate 
overtakes  him,  we  may  have  to  face  occasional  set-backs.  In  this 
connection,  let  me  tell  you  of  an  age-old  ritual  which  we  have  in 
Luxemburg,  and  which  historians  believe  to  be  of  En^ish  origin. 
To  me  it  seems  symbolic  of  the  ebb  and  flow  of  the  tmes  of  war, 
and  of  the  indomitable  tenacity  of  the  British  people.  On  Whit- 
Tuesday  every  year  a  procession  takes  place,  and  nas  done  so  for 
the  past  twelve  hundred  years,  to  the  tomb  of  our  patron  saint, 
St.  Willibrord,  an  English  missionary  who  came  from  Northumber- 
land to  christianise  the  Ardennes.  This  procession  is  to-day  world- 
famous.  Some  twenty  thousand  pilgrims  proceed  in  a  most  peculiar 
manner  to  the  church  where  the  saint  Ues  buried.  Singing  and 
praying,  they  wend  their  arduous  way,  dancing  three  steps  forwards 
and  two  backwards,  and  so  on  for  hours ;  but,  in  spite  of  all  the 
backward  steps,  the  faithful  and  tenacious  pilgrims  have  never 
yet  failed  finally  to  reach  the  shrine.  So  it  will  be  in  the  present 
struggle ;  even  if  occasionally  we  have  to  take  two,  three  or  even 
four  steps  backwards,  it  cannot  affect  the  final  outcome  of  the  war. 
(Applause,)  Under  the  leadership  of  Great  Britain,  humanity 
wiU  reach  the  sanctuary  of  freedom  and  justice.  England  will 
once  again  win  the  last  battle.     (Applause.) 

In  conclusion,  I  should  like  to  recall  that  when  I  had  the  honour 
and  pleasure  of  welcoming  the  Institute  to  Luxemburg  a  few  years 
ago,  I  expressed  the  hope  that  you  would  come  back  soon.  I  did 
not  then  expect  that  I  should  be  coming  to  you  !  You  will  realise 
the  feelings  with  which  in  the  present  circumstances  I  repeat  the 
invitation;  you  cannot  come  too  soon  to  a  free  and  independent 
Luxemburg !     (Applause,) 

I  am  sure  of  the  approval  of  the  guests  when  I  thank  the  President 
and  the  Institute  for  their  very  kind  hospitahty.  In  the  case  of 
those  of  us  who,  like  myself,  have  found  refuge  and  hospitality  in 
this  country,  our  gratitude  to  you  and  to  England  is  all  the  more 
profound.  I  am  happy  to  propose  the  health  of  Mr.  Craig,  your 
President.  We  all  know  that  his  eminent  qualities  of  leadership 
are  equal  to  the  onerous  biuxiens  and  great  responsibilities  that  war- 
time brings  to  his  high  office.  I  ask  you  to  join  with  me  in  wishing 
him  continued  health  and  prosperity  in  all  his  undertakings. 
(Applause,) 

The  President,  after  expressing  his  appreciation  of  the  com- 
pliment, went  on  to  say  that  there  was  present  the  former  Secretary 
of  the  Iron  and  Steel  Institute,  Mr.  G.  C.  Lloyd,  who  had  celebrated 
his  eightieth  birthday  the  day  before.  AU  the  Members  would 
join  in  wishing  him,  in  spite  of  his  age,  many  happy  years  to  come. 
(Applause.) 
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Technical  Session. 

The  Session  for  the  transaction  of  formal  business  and  the 
presentation  and  discussion  of  papers,  also  held  at  Grosvenor 
House,  opened  at  3  p.m.,  the  President  (Mr.  John  Craig,  C.B.E., 
D.L.)  being  in  the  Chair. 

The  Mmutes  of  the  previous  Meeting,  held  in  Sheffield  on 
November  12th,  1940,  were  taken  as  read  and  signed. 

Ohittuiry, 

The  President  (Mr.  John  Craig)  said  that  his  first  duty  was  a 
sad  one,  namely,  to  refer  to  the  death  of  Mr.  Albert  Peech  and 
Mr.  Charles  J.  Walsh.  Mr.  Peech  was  a  Vice-President  of  the 
Institute  and  Mr.  Walsh  a  Member  of  the  Council.  They  were 
both  well  known  to  the  Members  of  the  Institute  and  would  be 
greatly  missed,  and  he  was  sure  that  the  members  would  wish  their 
condolences  to  be  sent  to  Mrs.  Peech  and  Mrs.  Walsh.  He  would 
arrange  for  that  to  be  done  and  also  for  a  note  expressing  the 
sympathy  of  the  Institute  to  be  sent  to  the  Company  of  which  both 
Mr.  Peech  and  Mr.  Walsh  had  been  Directors.  Mr.  Peech  had 
linked  up  the  Members  with  the  past  and  Mr.  Walsh  with  the  present, 
and  their  deaths  were  a  great  loss  to  the  industry. 

At  the  request  of  the  President,  the  Members  stood  in  silence 
for  a  few  moments. 

Ballot  for  the  Election  of  New  Member 8  and  Associates. 

Dr.  L.  NoRTHCOTT  (Teddington,  Middlesex)  and  Dr.  A.  L. 
NoRBURY  (Cleobury  Mortimer,  near  Kidderminster)  were  ap- 
pointed scrutineers  of  the  ballot,  and  they  reported  in  due  course 
that  the  following  sixty-three  candidates  K)r  membership  and 
forty-five  for  associateship  had  been  duly  elected. 


Members. 

Baillie,  William. 

Bales,    Sidney    Hartley,     M.Sc, 

F.I.C  .  . 

Bannister,  John  Boynes 
Beswick,  Wilfrid  Ritzema 
Billimoria,  Lim  Motabhai 
Bootes,  Roland  Kenneth 
Bootman,  Hedlby 
Bryan,  Andrew  Meikle,  J.P.,  B.Sc 

M.I.Min.E. 
Buchanan,  William 
Buchanan,  William  Gray 
Buyers,  Harry     , 


Birmingham. 

Cambridge. 
Scunthorpe,  Lines. 
Gerrards  Cross,  Bucks. 
Jamshedpur,  India. 
Wolverhampton. 
Bradford,  Yorks. 

Edinburgh. 
Darlmgton. 
London. 
Kotherham. 


Kngland,    Harold   Haywood 
Favkl,  Mauricio     . 
Gladwin,  William  Morlky 
Gk>w,  Charles  Milne    . 

Gbutiths,  Gborob  Henry 
Hasch/ton,  Andrew  Noble 

Harbison,  John  William 
Hewitt,  William  Vigors 

Jones,  Robert 

Lazenby,  Thoicas 

Lever,  Ernest  Harry 

Lewis,  John 

MoLennan,  LkN  MuNRO,  B.Eng. 

Manterfield,  David 
Methley,  Bernard  W.,  F.I.C. 
MrroHELL,  Thomas  Edwin     . 
MuKHBRJBB,  Kali  Kinkar    . 
Naden,  John  William  Rivinoton 
Okeden,        Richard        Godfrey 

Christian  Parry 
Parker,  James  Francis 


Pearson,  Stanley  Wright  . 
Pinches,  Elwyn  . 
Pluck,  John  Edward  .' 
Rambush,  Neils  Edward 
Richards,  Jack  Christian,  B.Eng., 

B.A. 
Roberts,  Francis  George 

Robertson,  Alexander  Rollo 
ioLLASON,       Ernest       f^ 


Hot 

Kot 

Joh. 

Shel 

Ne^ 

tr 
RoU 
New 

tn 
Darli 
Newc 

tra 
Shott 
Bentl 
Londt 
Newp 
Newc€ 

traL 
Sheffie 
Rothei 
Scunth 
Kulti, 
Cheste] 
Tirrildl 

tralii 
Preetw 

brid| 
Rothei 
Heinel 
Rothei 
Stockt< 
Newcw 

tralii 
Newcai 

tralii 
Sheffiel 
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Tbuzzell,  John  Svebsfield 
tudob-evans,  a.  g.      . 

TUBNEB,   HaBOIJ>   J.         .  .  . 

VaIDYE,     DiGAMBAB     GrOPAIi,     B.Sc. 

(Bombay)  ..... 

Vebnon,  William  HABoiiD  Jug- 
gins, D.Sc.,  Ph.D.  (Lond.),  B.Sc. 
(Birin.),  DJ.C,  F.I.C. 

Walden,  Roland  Hill 

Walton,  Fbank    .... 

Wabdell,  Vincent  Andbew. 

Watkin,  Evan  Rae  Sinolaib 
Weddell,  Ralph  Edwabd  GtOlds- 
BBOUOH 

Wood,  Phiup  W.  A.     . 
Wbaoge,  William  Benjamin,  B.Sc. 
(Tech.  Honfl.),  A.I.C.   . 


Johannesburg,  S.  Africa. 

Manchester. 

Rotherham. 

Jamshedpur,  India. 


Teddington,  Middlesex. 
Rotherham. 
ShefiSeld. 

Wollongong,  N.S.W.,  Aus- 
tralia. 
Scunthorpe,  Lines. 

Tipton,  Staffs. 

Sydney,  N.S.W.,  Australia. 

Cheadle  Hulme,  C!heshire. 


Associates. 

AiTEB,  Kbishna  Vaidyanathan 

Aybes,  Habold  Stanley 

Binneb,  Stanley 

Bibkhead,  Matjbicb 

BoSE,  Anjab  Kumab,  B.Met.  (Hons.) 

Bbadbuby,  Ebnest  James,  B.Eng 

(Hons.)       .... 
BuBNS,  Bbian  D. 
Chubch,  Robebt  Stanley     . 
Clabk,  Walteb 
CJocKCBOPT,  Robin  Abthub  Midqle  y 

B.Sc.  .... 

Cotton,  Raymond  Fredbbick 
Cbesswell,  Robebt  Abthub 
Dawson,  Clement 
Eboball,  Richabd  John  Lane 
Edwabds,  Alan  Rowland     . 


Ellis,  James  Habold 
Enoi^sh,  Alan 
Fox,  Michael  John 
GiLMOBE,  James    . 
Gbay,  Peteb  Robert 

HOLDEN,   HaBBY  ASHTON 

HosKiNS,  Henby  Guildpobd 

Jackson,  Geobge  Henry 
KujuNDZic,  Nebojsa 
Lee,  Hsun,  B.Eng.,  Ph.D. 
McAdam,  George  Douglas 
Mabdtkov,  Cedomib  B.,  B.Sc 
Mayeb,  Simon  Ebnest  . 
Metcalfe,  Gobdon  Jolliffe 


Cambridge. 
Scunthorpe,  Lines. 
Slough,  Bucks. 
Deepcfikr,  near  Sheffield. 
Sheffield. 

Birmingham. 
Teddington,  Middlesex. 
Kempston,  Beds. 
Scunthorpe,  Lin&s. 

Scunthorpe,  Lines. 

Birminglmm. 

Birmingham. 

Scunthorpe,  Lines. 

Cambridge. 

Ivanhoe,  Victoria,  Aus- 
tralia. 

Kettering,  Northants. 

Scunthorpe,  Lines. 

Birmingham. 

Scunthorpe,  Lines. 

Gfiunsborough,  Lines. 

Birmingham. 

Famborough,  n(*ar  Ban- 
bury, Oxon. 

London. 

Leeds. 

Sheffield. 

Leeds. 

Leeds. 

London. 

Famborough,  Hants. 
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Nixon,  Eric  William   . 

Oliver,  Charles  . 

Owen,  Walter  S. 

Parker,  Robert  Hadfield 

Phaff,  Herman  Jack   . 

Reid,  James  Henry  Michael  Allan 

Shepherd,  Neal  Derwent 

Stubbins,  Charles 

Thomas,  Gordon  David 

Thoicas,  Ivor  Haydn   . 

TowNDROW,  Ronald  Philip,  M.So. 

Ulubay,  Ali 

Walker,  John  Leslie  . 

Ward,  George 

Wilson,  Donald  Vernon 

Wright,  David  Arthur  Felton 


Brigg,  Lines. 
Scunthorpe,  Lines. 
Liverpool. 
Seuntnorpe,  Lines. 
Sheffield. 

Thornton  Heath,  Surrey. 
Beckennet,  Cumberlancl. 
Seunthorpe,  Lines. 
Birmingham. 
Dowlais,  Glam. 
Seunthorpe,  Lines. 
Swansea. 
Manchester. 
Seunthorpe,  Lines. 
Birtley,  Co.  Durham. 
Smethwiek,  Staffs. 


Presentation  of  the  Report  of  Council  and  SicUemenJt  of  Accounts 

for  1940. 

The  President  moved  that  the  Report  of  Council  and  State- 
ment of  Accounts  for  1940  (see  pp.  21  p  to  47  p)  be  adopted. 

The  Hon.  Treasurer  (Mr.  James  Henderson)  seconded  the 
motion  and  it  was  carried  unanimously. 


Election  of  Vice-Presidents  and  Members  of  Council. 

The  Secretary  (Mr.  K.  Headlam-Morley)  said  that,  in  ac- 
cordance with  Bye-Law  No.  10,  the  names  of  the  following  Vice- 
Presidents  and  Members  of  Council  had  been  announced  at  the 
Autumn  Meeting  in  1940  as  being  due  to  retire  at  the  Annual 
General  Meeting  in  1941  : 

Vice-Presidents  :  Mr.  Arthur  Dorman,  Mr.  J.  S.  Hollings 
and  Mr.  C.  E.  Lloyd. 

Members  of  Council :  Captain  H.  Leigh  ton  Davies,  Mr. 
I.  F.  L.  EUiot,  Principal  C.  A.  Edwards,  F.R.S.,  Mr.  E.  F.  Law 
and  the  Hon.  R.  G.  Lyttelton. 

No  other  Members  having  been  nominated  up  to  one  month  previous 
to  the  present  Annual  Meeting,  the  retiring  Vice-Presidents  and 
Members  of  Council  were  now  presented  for  re-election.     (Agreed.) 


Williams  Prize  for  1940. 

The  Secretary  announced  that  the  Council  had  awarded  the 
Williams  Prize  for  1940  to  Mr.  B.  Yaneske  for  his  paper  on  "  The 
Manufacture  of  Steel  by  the  Perrin  Process.*' 
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Andrew  Carnegie  Research  G ranis. 

The  Secbbtaby  said  that  grants  had  been  made  by  the  Council 
in  1940  to  the  following  candidates  : 

M.  Bauoki  (University  College,  Swansea). — £100  in  aid  of 
a  research  on  the  cold-hardening  of  steel  and  the  verification  of 
the  recrystallisation  theory  put  forward  by  Ptofessor  Krupkoffski 
and  the  ccuididate. 

H.  MoRBOOH  (British  Cast  Iron  Research  Association,  Birming- 
ham).— £100  in  aid  of  a  research  on  sulphide  inclusions  produced 
by  the  neutralisation  of  sulphur  in  cast  iron  by  aluminium,  copper, 
nickel,  chromium  and  molybdenum. 

He  also  stated  that  it  had  been  decided  that  no  award  of  the 
Andrew  Carnegie  Medal  should  be  made  for  the  year  1940. 

Complete  List  of  Papers  Presented  a>t  the  Annv/il 
General  Meeting,  1941. 


H.  MoRROOH  :  "  The  Polishing  of  Cast-Iron  Micro -Specimens  and  tho 
Metallography  of  Graphite  Flakes." 

H.  MoRROOH  :  **  The  Metallography  of  Inclusions  in  Cast  Irons  and  Pig 
Irons.** 

L.  NoRTHCOTT  :  "  The  Influence  of  Turbulence  upon  the  Structure  and 
Properties  of  Steel  Ingots.** 

T.  F.  Russell:  "The  Thermal  Relations  between  Ingot  and  Mould.** 
(Paper  No.  4/1940  of  the  Committee  on  the  Heterogeneity  of  Steel 
Ingots  (submitted  by  the  Stresses  in  Moulds  Panel  of  the  Ingot 
Moulds  Sub-Committee)). 

E.  S.  Taylerson  :  "  Atmospheric  Corrosion  Tests  on  Copper-Bearing  and 
other  Irons  and  Steels  m  the  United  States.**  (Paper  No.  4/1940  of 
the  Corrosion  Committee  (communicated  by  Dr.  W.  H.  Hatfield, 
F.R.S.)). 

E.  M.  Trent  :  "  The  Formation  and  Properties  of  Martensito  on  the  Sur- 
face of  Rope  Wire." 

"  IntercrystalUne  Cracking  in  Boiler  Plates.**  A  Report  from  The 
National  Physical  Laboratory. 

Part  I. — Introduction.     By  C.  H.  Desch,  F.R.S. 

Part  II. — Prolonged-Stress  Tests  on  Iron  fiuid  Steel  Specimens  Immersed 

in  Hot  Sodium  Hydroxide  Solutions.     By  C.  H.  M.  Jenkins  and 

Frank  Adcock. 
Part  III. — Exposure  of  Iron  and  Steel  Specimens  to  Sodium  Hydroxide 

Solutions  at  High  Temperature  and  Pressure.     By  Frank  Adcock 

(assisted  by  A.  J.  Cook). 
Part  rV. — Strain-Etch  Markings  in  Boiler-Plate  Material  of  Acid  Open- 

Hecu*th  Manuf£U2ture.     By  Frank  Aucock  and  C.  H.  M.  Jenkins. 
Part  V. — Some  Experiments  on  the  Behaviour  of  Specimens  of  Boiler 

Plate  and  Boiler  Joints  Subjected  to  Slow  Cycles  of  Repeated 

Bcmding  Stresses  while  Immersed  in  a  Boiling  Aqueous  Solution.** 

By  H.  J.  Gouoh,  F.R.S.,  and  H.  V.  Pollard. 
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Complete  Lisl  of  Papers  Presented  at  the  Annual 
General  Meeting,  1941  (continued). 


"  Third  Report  of  the  Oxygen  Sub-Oommittee.*'     (Paper  No.  5/1941  of 
the  Committee  on  the  Heterogeneity  of  Steel  ingots  (submitted  by 
the  Oxygen  Sub-C!ommtttee)). 
Section  I. — Introduction. 

Section  II. — ^The  Vacuum  Fuaion  and  Vacuum  Heating  Methods. 
Part  A. — ^The  Determination  of  Oxygen,  Nitrogen  and  Hydrogen  in 
Steel.     A  Surv^  of  the  Vacuum  Fusion  Method,  with  a  Note  on 
the  Solid  Solubdity  of  Oxygen  in  Hig|h-Purity  Iron.     By  H.  A. 
Sloican. 
Part  B. — ^The  Fractional  Vacuum  Fusion  Method  for  the  Separation 
of  Oxides  and  Gases  in  Steel.     Further  Practice  and  Typical 
Results.    By  T.  Swinden,  W.  W.  SnEVENSON  and  G.  E.  SPEiauT. 
Part  0. — The  Determination  of  Hydrogen  by  Vacuum  Heating.     By 
W.  C.  NswsxiL. 
Section  III. — ^The  Aluminium  Reduction  Method. 

Peurt  A. — ^The  Development  and  Comparison  of  Two  Procedures  for 
the  Aluminium  Reduction  Method  for  Detennininff  Oxygen  in 
Steel.     General   Summary   Showing   the   Applicability   of   the 
Aluminium  Reduction  Method.     By  N.  Gbay  and  M.  C.  Sandebs. 
Part  B. — A  Description  of  the  Aluminium  Reduction  Method  as 
Operated  at  Stocksbridge.    By  W.  W.  Stevenson  and  G.  E. 
Speight  (under  the  direction  of  T.  Swinden). 
Part  C. — ^The  Determination  of  Total  Osnrgeii  in  Pig  Iron  by  the 
Aluminium  Reduction  Method.     By  E.  TayIiOB-Austin. 
Section  IV.— The  Chlorine  Method. 

Part  A. — ^Descrmtion  of  the  Procedure  now  Adopted  for  the  Chlorine 
Method.    By  E.  W.  Colbeck,  S.  W.  Craven  and  W.  Mubbat. 
Part  B. — General  Summary  Showing  the  Applicability  and  Utility 
of  the  Chlorine  Method.     By  E.  W.  Colbeok,  S.  W.  Craven  and 
W.  Mubbat. 
Section  V. — ^The  Alcoholic  Iodine  Method. 

Part  A. — Present  Position,  Limitations  and  Possibilities  of  the 
Alcoholic  Iodine  Method,  with  a  Note  on  Factors  Affecting  the 
Presence  of  Phosphorus  in  the  Residue.  By  T.  E.  Rooney. 
Part  B. — ^A  Simplification  of  the  Alcoholic  Iodine  Method  for  the 
Determination  of  Oxide  Residues  in  Steel.  By  W.  W.  Steven- 
son and  G.  E.  Speight  (\mder  the  direction  of  T.  Swinden). 
Section  VI. — ^The  Aqueous  Iodine  Method. 

Peurt    A. — Recent    Developments    in   the    Determination    of    Oxide 
Inclusions  in  Pig  Iron  by  the  Modified  Aqueous  Iodine  Method. 
By  E.  Tayix>b- Austin. 
Peurt  B. — ^The  Present  Position  of  the  Determination  of  Oxide  Inclu- 
sions in  Pig  Iron  and  Cast  Iron.     By  J.  G.  Peabce. 
Section  VII. — The  Hydrogen  Reduction  Method.     Submitted  by  W.  W. 

Stevenson. 
Section  VIII. — ^The  Analysis  of  Non-Metallic  Residues  Extracted  by  the 

Alcoholic  Iodine  Method.     By  G.  £.  Speight. 
Section  IX. — Reports  on  Materials  Examined. 

Part  A. — ^An  Excunination  of  the  Oxygen  Content  of  a  Basic  Bessemer 

Rimming  Steel.     By  T.  Swinden  and  W.  W.  Stevenson. 
Part  B. — A  Note  on  the  Examination  of  a  Series  of  Carbon  Steels. 
Submitted  by  W.  R.  Maddooks. 
Section  X. — General  Summary.     By  T.  Swinden   (Chairman  of  the 

Oxyffen  Sub-Committee). 
Section  XI. — Work  in  Hand  and  Future  Programme. 
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Presentation  of  Papers, 

The  following  papers  were  presented  for  verbal  discussion  (a 
list  of  all  the  papers  included  in  the  Meeting  programme  wiU  be 
found  on  pp.  17  p  and  18  p)  : 

"Third  Report  of  the  Oxygen  Sub-Ck>mmittee."  (Paper 
No.  5/1041  of  the  Ck>mmittee  on  the  Heterogeneity  of  Steel  Ingots 
(submitted  by  the  Oxygen  Sub-Ck>mmittee)). 

'*  The  Polishing  of  (^t-Iron  Micro -Specimens  and  the  Metallo- 
graphy of  Graphite  Flakes,"  by  H.  Morbogh. 

The  Metallography  of   Inclusions   in   Cekst   Irons   and   Pig 
Irons/'  by  H.  Mobbooh. 

The  last  two  papers  were  discussed  jointly. 

The  President  apologised  to  Dr.  L.  Northcott  that  time  did 
not  permit  the  presentation  of  his  paper  on  *'  The  Influence  of 
Turbulence  upon  the  Structure  and  Properties  of  Steel  Ingots," 
which  had  be^n  provisionally  included  in  the  list  of  papers  to  be 
discussed  at  the  Meeting. 

The  proceedings  then  terminated. 
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REPORT  OF  COUNCIL. 

The  Annual  Report  on  the  proceedings  and  work  of  The  Iron  and 
Steel  Institute  during  the  year  1940,  and  the  Statement  of  Accounts 
for  the  same  period,  are  submitted  by  the  Council  for  the  approval 
of  Members  at  this  the  Seventy-Second  Annual  General  Meeting. 
For  the  convenience  of  Members,  some  sections  of  the  Report 
include  information  up  to  March  31,  1941. 

The  activities  of  the  Institute  have  been  maintained,  but  they 
have  been  adjusted  to  meet  war-time  conditions.  Both  the  Annual 
and  Autumn  Meetings  were  held,  and,  though  the  programmes 
were  necessarily  curtailed,  they  were  well  attended  and  the  dis- 
cussions were  satisfactory.  Publication  of  the  Journal  and  BvUetin 
of  abstracts  has  been  continued.  Considerable  use  has  been  made 
of  the  Library  and  Information  Departments  by  the  Services, 
Government  Departments  and  the  Industry.  Research  activities 
carried  on  in  conjunction  with  the  Iron  and  Steel  Industrial  Research 
Council  have  been  extended  and  research  programmes  adjusted  to 
include  problems  of  urgent  importance. 

Four  members  of  the  staff,  Messrs.  H.  Davison,  H.  G.  Hale, 
L.  G.  Poole  and  J.  C.  Robinson,  are  serving  in  the  Army ;  other 
members  of  the  staff  have  undertaken  voluntary  duties  as  Home 
Guards,  Air  Raid  Wardens  and  in  other  civilian  services.  The 
Secretary  was  given  permission  to  join  the  Chrome  Ore,  Magnesite 
and  Wolfram  Control  of  the  Ministry  of  Supply  as  Deputy  Con- 
troller. 

Roll  of  the  Institute. 

The  membership  of  the  Institute  at  December  31,  1940,  was 
two  thousand  six  hundred  and  sixty-six,  a  decrease  of  thirty-eight 
from  the  record  figure  of  the  previous  year.  In  addition,  the 
names  of  ninety-seven  Members  resident  on  the  Continent  whose 
subscriptions  had  not  been  paid  before  the  end  of  the  year  have 
been  placed  on  a  suspense  list.  These  include  fifty  Members  resi- 
dent in  Belgium,  Czechoslovakia,  France,  Norway,  Poland  and 
Rumania  and  forty-five  Members  and  two  Associates  resident  in 
Finland,  Yugoslavia,  Spain  and  Sweden. 

Four  Honorary  Members,  one  Life  Member  and  seventy-three 
ordinary  Members  of  German  or  Italian  nationality  have  ceased  to 
be  Members  of  the  Institute,  in  accordance  with  Bye-Law  No.  36. 

Details  of  the  membership  compared  with  those  of  the  two 
preceding  years  are  as  follows  : 
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31/12/'38. 

31/12/'39. 

31/12/'40 

Patron 

1 

1 

1 

Honorary  Members 

13 

15 

11 

Life  Members 

69 

68 

67 

Ordinary  Members 

2341 

2407 

2339 

Associates 

206 

213 

248 

2630 


2704 


2666 


The  above  total  membership  figures  for  each  year  include  eight 
Members  whose  names  are  retained  in  the  List  of  Members  in  an 
honorary  capacity  by  order  of  the  Council. 

Variations  in  the  membership  since  the  formation  of  the  Insti- 
tute in  1869  are  shown  in  Fig.  L 

The  decrease  in  membership  is  due  to  the  extension  of  the  war 
and  consequent  inability  of  Members  resident  in  many  countries 
in  Europe  to  remit  subscriptions.  A  further  reduction,  not  exceed- 
ing one  hundred  and  sixty,  in  the  number  of  Members  resident  on 
the  Continent  must  be  anticipated,  and  it  is  proposed  that  those 
whose  subscriptions  have  not  oeen  paid  before  the  end  of  the  year 
shall  also  be  placed  on  the  Suspense  List  as  from  January  1,  1941. 

During  the  year  under  review  one  hundred  and  fifty-six  new 
Members  and  sixty-one  new  Associates  were  elected.  These  include 
ninety-seven  Members  and  twenty-five  Associates  nominated  by 
Companies  which  subscribe  to  the  Special  Subscriptions  Fund,  and 
twenty-six  Members  and  twenty-seven  Associates  who  joined  under 
the  scheme  of  collaboration  with  the  Institute  of  Metals.  Two 
Associates  were  elected  under  the  special  arrangement  with  the 
American  Institute  of  Mining  and  Metallurgical  Engineers  and  one 
under  the  arrangement  with  Jemkontoret.  Nineteen  Associates 
were  transferred  to  Membership  and  five  former  Members  were 
reinstated.  Thirty-nine  Members  and  two  Associates  resigned  and 
the  deaths  of  thirty-one  Members  were  reported. 


Obituary. 

The  Council  regret  to  record  the  deaths  of  the  following  twenty- 
six  Members  which  occurred  during  the  year  1940  : 


Anslow,  Frank  (Glasgow) 

Armstrong,  Charles  Edward  (Millora, 

Cumberland)    ..... 
Best,  Frederick  (Bickley,  Kent)    . 
Carpenter,  Sir  Harold,  F.R.S.  (Swansea) 

(Past-President)        .... 
Crompton,  Colonel  Rookes  Evelyn  Bell, 

C.B.,  F.R.S.  (Ripon) 


March  17th. 

February  13th. 
August  12th. 

September  14th. 

February  15th. 
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GiLLOTT,    Joseph    Percival    (Hornsea, 

Yorks.) February  19th. 

Gjers,  John  (Middlesbrough)  .         .  July  2nd. 

Hadfield,    Sir    Robebt,    Bart.,    F.R.S. 

(London)  (Past-President)  •         .  September  30th. 

Hingley,  Gerald  Bertram  (Dudley)      .  Ifey  20th. 

HoLGATE,  Thomas  Edward  (Darwen)      .  February  7th. 

Lewis,  A.  Cecil  (Newport,  Mon.)     .         .  January  27th. 

Lysaght,    Daniel    Connor    (Chepstow, 

Mon.)      ......  May  15th. 

Macartney,  Walter  Crbalock  (Ches- 
terfield) .         .         .         .         .         .  March  9th. 

Merz,  Dr.  Charles  H.  (London)      .         .  October  15th. 

MooRWOOD,  John  Martin  (Sheffield)        .  April  8th. 

Peach,  William  Isaac  (Chesterfield)        .  January  17th. 

PicciOLi,  Arturo  (Portovecchio  di  Piom- 

bino  (Leghorn),  Italy)       .         .         .  October  10th. 

Rainb,  Alfred  Johnson  (Newcastle-on- 

Tyne)     ......  March  1st. 

Sandberg,  Oscar  Fridolf  Alexander, 

O.B.E.  (London)      ....  February  15th. 

Schuster,  Leonard  Walton  (Man- 
chester) ......  July  6th. 

Smith,  Fred,  C.B.E.  (Leeds)  .         .         .  May  3rd. 

Strick,  George  Henry  (Cheltenham)      .  May  3rd. 

Thomas,  Hubert  Spence  (London)  (Hon. 

Vice-President)         ....  January  16th. 

Toy,  Harry  Brooks  (Nunthorpe,  Yorks.)  February  26th. 

Walber,  Alexander  Corrin  (London)    .  July  14th. 

WOLSTENHOLME,      GeORGE      EtHELBERT 

(Sheffield) July  3rd. 

The  deaths  of  the  following  two  Members  took  place  earlier 
than  1940,  but  were  not  previously  reported  : 

Benson,     Robert     Seymour     (Bishops- 

teignton,  S.  Devon)  .         .         .     1938. 

Settbrwbll,  Hugo  (Stockholm,  Sweden)       1939. 

Sir  Robert  Hadfield,  F.R.S. ,  was  the  Senior  Past- President  of 
the  Institute,  Sir  Harold  Carpenter,  F.R.S.,  a  Past- President  and 
Mr.  Spence  Thomas  an  Honorary  Vice-President;  Mr.  Toy  had 
been  an  Honorary  Member  of  Council  during  his  Presidency  of  the 
Cleveland  Institution  of  Engineers.  Sir  Harold  Carpenter  and  Sir 
Robert  Hadfield  were  Bessemer  Gold  Medallists.  Mr.  Strick, 
Colonel  Crompton,  Mr.  Benson,  Sir  Robert  Hadfield  and  Mr.  Hol- 
gate  had  been  Members  of  the  Institute  for  more  than  fifty  years, 
having  been  elected  in  1876, 1877,  1881,  1885  and  1887,  respectively. 
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Obituary  notices  have  been  printed  in  the  No.  II.  volume  of 
the  Journal  for  1940. 

The  Council  regret  to  have  to  record  the  death  of  Mr.  A.  O. 
Peech  (a  director  of  The  United  Steel  Companies,  Ltd.,  and  a  Vice- 
President  of  the  Institute)  and  of  Mr.  C.  J.  Walsh  (managing  director 
of  the  same  Company  and  a  Member  of  Council),  which  took  place 
on  March  22  and  on  February  22,  1941,  respectively. 

Finance. 

(The  Statement  of  Accounts  for  1940  is  aUached  to  this  Report,) 

The  Balance  Sheet  shows  that  the  Institute's  reserves  were 
strengthened  during  the  year,  and  the  Income  and  Expenditure 
Account  that  the  war  had  had  little  adverse  effect  on  current 
finances,  largely  owing  to  substantial  economies.  A  reduction  in 
several  sources  of  income  must,  however,  be  anticipated  in  future. 
Both  accounts  show  the  importance  of  the  House  Fund  and  of 
Industrial  Subscriptions  in  assuring  a  satisfactory  financial  position. 

General  Fund, — Balance  Sheet. 

On  the  asset  side  of  the  Balance  Sheet  the  total  of  sundry 
debtors  has  increased  by  £751  (from  £1713  to  £2464)  and  of  pay- 
ments in  advance  by  £205  (from  £695  to  £900) ;  cash  at  bank  and 
in  hand  has  increased  by  £2324  (from  £517  to  £2841).  Expenditure 
on  air-raid  precautions  (£327)  charged  against  the  House  Fund  in 
the  accounts  for  1939  has  been  written  off".  In  accordance  with 
usual  practice,  subscriptions  in  arrears,  the  stock  of  Journals  and 
office  furniture  and  the  Library  have  not  been  valued. 

Liabilities  show  a  reduction  of  £291  (from  £939  to  £648)  in  the 
total  of  sundry  creditors  and  a  reduction  of  £241  (from  £512  to 
£271)  in  subscriptions  and  Journal  sales  paid  in  advance. 

Substantial  additions  have  been  made  to  Suspense  Account, 
including  the  transfer  of  the  balance  of  the  House  Fund  (£661), 
and  the  balance  of  the  Income  and  Expenditure  Account  (£530) 
has  been  transferred  to  Reserve  Account. 

Oeneral  Fund, — Income  and  Expenditure  Account. 

While  income,  apart  from  special  contributions  from  industrial 
subscriptions,  decreased  by  £417  (from  £14,224  to  £13,807),  expendi- 
ture was  reduced  by  £1,555  (from  £18,279  to  £16,724).  Income  from 
special  contributions  increased  by  £867  (from  £4166  to  £5033), 
resulting,  after  transference  to  Reserve  and  other  Accounts,  in  a 
final  excess  of  income  over  expenditure  for  the  year  of  £530  (in 
place  of  £228  excess  of  expenditure  over  income  during  the  previous 
year).  Income  from  subscriptions  was  less  by  £421  and  from  sales 
of  publications  by  £141 ;  further  reductions  under  both  these 
headings  must  be  anticipated  as  the  result  of  the  extension  of  the 
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Rotherham  Forge  and  Rolling  Mills  Co.,  Ltd. 
Round  Oak  Steel  Works,  Ltd. 
Joseph  Sankey  &  Sons,  Ltd. 
Simon-Carves,  Ltd. 
Walter  Somers,  Ltd. 

South  African  Iron  and  Steel  Industrial  Corpn.,  Ltd. 
South  Durham  Steel  and  Iron  Co.,  Ltd. 
South  Wales  Siemens  Steel  Association. 
Spear  and  Jackson,  Ltd. 
Stanton  Ironworks  Co.,  Ltd. 
Staveley  Coal  and  Iron  Co.,  Ltd. 
Steel  Company  of  Canada,  Ltd. 
Steetley  Lime  and  Basic  Co.,  Ltd. 
John  G.  Stein  &  Co.,  Ltd. 
Stewarts  and  Lloyds,  Ltd. 
John  Summers  &  Sons,  Ltd. 
Tata,  Ltd. 

Richard  Thomas  &  Co.,  Ltd. 
Tinsley  Rolling  Mills  Co.,  Ltd. 
Union  Steel  Corporation  (of  South  Africa),  Ltd. 
United  Steel  Companies,  Ltd. 

Upper  Forest  and  Worcester  Steel  and  Tinplate  Works,  Ltd. 
Vickers,  Ltd. 
Thos.  W.  Ward,  Ltd. 

Wellman  Smith  Owen  Engineering  Corporation,  Ltd. 
Whitehead  Iron  and  Steel  Co.,  Ltd. 

Woodall-Duckham  Vertical  Retort  and  Oven  Construction 
Co.  (1920),  Ltd. 


Changes  on  the  CJouncil. 

During  the  year  the  following  changes  on  the  Council  were 
made  :  Mr.  John  Craig,  C.B.E.,  succeeded  The  Right  Hon.  the 
Earl  of  Dudley,  M.C.,  as  President  at  the  Annual  Meeting.  Sir 
Edward  J.  George  ^  was  nominated  an  Honorary  Vice-President. 
Mr.  Fred  Clements  and  Captain  R.  S.  Hilton  were  nominated  Vice- 
Presidents,  and  Mr.  G.  H.  Latham  and  Mr.  C.  J.  Walsh  ^  were 
elected  Members  of  Council.  As  reported  above,  Mr.  Walsh  died 
on  February  22,  1941,  and  Mr.  A.  O.  Peech  on  March  22,  1941. 

Colonel  Alan  Stein,  M.C.,  T.D.,  D.L.,  and  Mr.  A.  Robinson 
became  Honorary  Members  of  Council  in  succession  to  Mr.  P.  M. 
Ritchie  and  Mr.  N.  Nisbet  for  the  periods  of  their  Presidency  of 
the  West  of  Scotland  Iron  and  Steel  Institute  and  of  the  Lincoln- 
shire Iron  and  Steel  Institute,  respectively. 

In  accordance  with  Bye-Law  No.  10,  the  names  of  the  following 
Vice-Presidents  and  Members  of  Council  were  announced  at  the 

^  Recorded  in  the  Report  of  Council  for  1939. 
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Autumn  Meeting  as  being  due  to  retire  at  the  Annual  General 
Meeting  in  1941  : 

Vice-Presidents :  Mr.  Arthur  Dorman,  Mr.  J.  S.  Hollings 
and  Mr.  C.  E.  Lloyd. 

Members  of  Council :  Captain  H.  Leighton  Davies,  Mr. 
I.  F.  L.  EUiot,  Principal  C.  A.  Edwards,  F.R.S.,  Mr.  E.  F. 
Law  and  the  Hon.  R.  G.  Ljiitelton. 

No  other  Members  having  been  nominated  up  to  one  month 
previous  to  this  Annual  Meeting,  the  retiring  Members  are  pre- 
sented for  re-election. 

HONOUBS  CONFBRRBD   ON  MEMBERS. 
(To  December  31»f,  1940.) 

The  Council  offer  their  warm  congratulations  to  Members  of  the 
Institute  on  honours  and  appointments  received  during  1940. 

Sir  Andrew  Dimcan,  G.B.E.,  M.P.,  who  on  the'outbreak  of  war 
had  been  appointed  Controller  of  Iron  and  Steel,  joined  the  Cabinet 
as  President  of  the  Board  of  Trade,  was  summoned  to  the  Privy 
Council  and  later  became  Minister  of  Supply ;  he  was  succeeded  as 
ControUer  of  Iron  and  Steel  by  Col.  Sir  Charles  Wright,  Bt.,  K.B.E., 
C.B. 

Many  Members  of  the  Institute  hold  important  positions  in  the 
Iron  and  Steel  and  other  Controls  of  the  Ministry  of  Supply  or  are 
serving  on  technical  and  advisory  Committees. 

Mr.  Axel  Hultgren  received  the  Robert  Woolston  Hunt  Award 
from  the  American  Institute  of  Mining  and  Metallurgical  Engineers, 
and  Mr.  F.  M.  Beckett  the  Elliott  Cresson  Medal  from  the  Franklin 
Institute.  Mr.  W.  J.  Dawson  was  awarded  the  E.  J.  Fox  Gold 
Medal  of  the  Institute  of  British  Foundrymen,  and  Dr.  P.  D.  Merica 
the  Platinum  Medal  of  the  Institute  of  Metals.  The  Japan  Insti- 
tute of  Metals  presented  the  Honda  Medal  and  Prize  to  the  late 
Sir  Harold  Carpenter,  F.R.S. ;  he  was  the  second  recipient  of  this 
award  and  the  first  foreigner  to  receive  it.  Mr.  R.  Lowe  was 
awarded  the  Gold  Medal  of  the  Junior  Institution  of  Engineers  for 
1939  and  was  also  appointed  a  Member  of  Council  of  that  body. 

Professor  P.  Chevenard  was  appointed  President  of  the  Soci^t^ 
Fran9aise  de  Physique  for  the  duration  of  the  war.  Mr.  W.  Wilkin- 
son Wood  was  elected  Master  Cutler  of  the  Cutlers'  Company  in 
HaUamshire  for  the  year  1940-41 ;  he  had  already  held  this  position 
in  1924,  and  the  present  is  the  first  occasion  on  which  an  ex-Master 
Cutler  has  taken  office  a  second  time  after  a  lapse  of  years.  The 
President  (Mr.  John  Craig,  C.B.E.)  was  made  an  Honorary  Member 
of  the  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa. 
Dr.  E.  Gregory  was  elected  a  Member  of  Council  of  the  Institute  of 
Chemistry  of  Great  Britain  and  Ireland.  Mr.  G.  R.  Bashforth  was 
re-elected  President  of  the  Staffordshire  Iron  and  Steel  Institute 
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and  Mr.  H.  H.  L.  Lockley  became  President  of  the  Sheffield  Metal- 
lurgical Association ;  Colonel  Alan  Stein,  M.C.,  and  Mr.  A.  Robinson 
were  elected  Presidents  of  the  West  of  Scotland  and  the  Lincoln- 
shire Iron  and  Steel  Institutes,  respectively.  Fellowship  of  the 
City  and  Guilds  of  London  Institute  was  conferred  on  Dr.  C.  H. 
Desch,  F.R.S.  Dr.  W.  H.  Hatfield,  F.R.S.,  was  appointed  a  Member 
of  Council  of  the  University  of  Sheffield,  and  Dr.  R.  J.  Sarjant 
was  elected  President  of  the  Sheffield  and  District  Cambrian  Society. 
Mr.  E.  A.  Williams  became  Sheriff  for  Carmarthenshire. 

Dr.  C.  W.  H.  von  Eckermann  became  Professor  at  Stockholms 
Hogskola  Bergsingenjoren  (Stockholm  Technical  College  of  Mining 
Engineers).  Captain  H.  Leighton  Davies  was  elected  Chairman  of 
the  Welsh  Plate  and  Sheet  Manufacturers'  Association;  Major 
J.  M.  Bevan  and  Mr.  T.  O.  Lewis  became  Vice-Chairmen  of  that 
body;  Captain  Leighton  Davies  was  also  appointed  Chairman  of 
the  Swansea  Tinplate  Conference,  with  Major  J.  M.  Bevan  and 
Mr.  F.  S.  Padbury  as  Senior  and  Vice  Chairmen  respectively, 
and  also  became  resident  of  the  Swansea  Metal  Exchange.  Mr. 
J.  Sinclair  Kerr  was  made  District  Officer  of  No.  4  Lancashire 
District  and  Representative  of  the  St.  John's  Ambulance  Brigade 
on  the  East  Lancashire  Joint  County  Committee  of  the  British  Red 
Cross  and  the  St.  John's  Ambulance  Associations. 

Bessemer  Gold  Medal. 

The  Bessemer  Gold  Medal  for  1940  was  awarded  to  J)r.  Andrew 
McCance  in  recognition  of  his  original  investigations  into  the 
application  of  the  laws  of  physical  chemistry  to  the  open-hearth 
process  and  his  critical  examination  of  the  thermo-dynamics  of  the 
process ;  of  his  valuable  scientific  pax)ers ;  and  of  his  services  in 
the  application  of  science  to  the  iron  and  steel  industry  in  Scotland. 

The  Coimcil  have  decided  to  award  the  Bessemer  Gold  Medal 
for  1941  to  Dr.  T.  Swinden  in  recognition  of  the  value  of  his  original 
investigations  in  the  metallurgy  of  steel  and  of  his  eminent  services 
in  the  organisation  and  direction  of  research  in  the  steel  industry. 

Andrew  Carnegie  Medal. 

No  award  was  made  of  the  Andrew  Carnegie  Medal  during 
1940. 

Williams  Prize. 

The  Williams  Prize  of  £100  for  1940  was  awarded  to  Mr.  B. 
Yaneske  for  his  paper  on  "  The  Manufacture  of  Steel  by  the  Perrin 
Process."  The  paper  is  printed  in  the  No.  II.  volume  of  the  Journal 
of  The  Iron  and  Steel  Institute  for  1940. 

Ablett  Prize. 

No  papers  were  submitted  in  1940  in  competition  of  the  Prize 
offered    by    Captain    C.   A.    Ablett,    O.B.E.,   B.Sc,  M.Inst.C.E., 
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Managing  Director  of  the  Cooper  Boiler  Bearings  Co.,  Ltd.  The 
Council  have  gratefully  accepted  Captain  Ablett's  offer  to  renew 
the  Prize,  value  £50,  for  1941 ;  by  agreement  with  him,  the  con- 
ditions governing  the  award  have  been  altered  and  are  now  as 
follows  : 

(a)  Competing  papers  shall  deal  with  a  subject  connected 
with  engineering  in  iron  or  steel  works. 

(6)  Competing  authors  shall  be  British  subjects  employed 
in  the  iron  and  steel  industries  of  Great  Britain  or  the  British 
Empire.  The  competition  shall  be  open  to  both  Members  and 
Non-Members  of  The  Iron  and  Steel  Institute. 

(c)  The  decision  of  the  Coimcil  of  The  Iron  and  Steel 
Institute  shall  be  final  as  to  whether  a  paper  is  ehgible  and 
on  all  matters  arising  out  of  the  award  of  the  Prize. 

Competing  pax)ers  should  be  marked  "  Ablett  Prize  Paper," 
and  should  reach  the  Secretary  of  the  Institute  not  later  than 
May  31,  1941.  The  successful  paper  will  be  presented  at  the 
Autumn  Meeting  and  printed  in  the  Institute's  Journal, 

Andrew  Cabnegie  Research  Scholarships. 

Grants  were  made  by  the  Coimcil  in  1940  to  the  following 
candidates : 

M.  Balicei  (University  College,  Swansea). — £100  in  aid  of  a  research  on 
cold-hardening  of  steel  cuid  verification  of  the  recrystallisation  theory 
put  forward  by  Professor  KrupkofiEiski  and  the  ccu^didate. 

H.  MoKROGH  (British  Cast  Iron  Research  Association). — £100  in  aid  of 
a  research  on  sulphide  inclusions  produced  by  the  neutralisation  of 
sulphur  in  cast  iron  by  aluminium,  copper,  nickel,  chromium  and 
molybdenum. 

The  Worshipful  Company  of  Blacksimiths. 

No  recommendation  for  admission  to  the  Worshipful  Company 
of  Blacksmiths  was  made  for  the  year  1940. 

Meetings. 

Annv^al  Meeting, 

The  Annual  General  Meeting  of  the  Institute  was  held  on 
Thursday  and  Friday,  May  2  and  3,  1940,  at  the  Offices  of  the 
Institute,  4,  Grosvenor  Gardens,  London,  S.W.I.  The  Retiring 
President,  The  Right  Honourable  the  Earl  of  Dudley,  M.C.,  was 
unable  to  be  present,  and,  in  his  absence,  Mr.  James  Henderson, 
Honorary  Treasurer,  opened  the  proceedings  and  inducted  the  Pre- 
sident-Elect,  Mr.  John  Craig,  C.B.E.,  into  the  Chair.    Mr.  Craig 
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gave  his  Presidential  Address,  after  which  nine  papers  were  presented 
for  discussion,  including  four  submitted  under  the  auspices  of  Joint 
Research  Committees  of  the  Institute  and  the  British  iron  and  Steel 
Federation,  and  one  report  on  a  research  carried  out  with  the  aid 
of  a  grant  from  the  Andrew  Carnegie  Research  Fund. 

Mernbera*  Luncheon. 

In  place  of  the  Annual  Dinner  a  Luncheon  was  held  at  Gros- 
venor  House,  Park  Lane,  London,  W.I,  on  Friday,  May  3,  1940, 
at  1  P.M.  About  six  hundred  Members  and  their  friends  were 
present.     The  following  proposed  or  replied  to  toasts  : 

Sir  William  Bragg,  O.M.,  K.B.E.,  F.R.S.  (President  of  the 

Royal  Society). 
Mr.  John  Craig,  C.B.E.  (President). 
Rear-Admiral  (now  Vice-Admiral)  B.  A.  Fraser,  C.B.,  O.B.E. 

(Third  Sea  Lord  and  Controller  of  the  Royal  Navy). 

ArUumn  Meeting, 

The  Autumn  Meeting  was  held  in  Sheffield  on  Tuesday,  Novem- 
ber 12,  1940;  by  arrangement  with  the  Presidents  and  Councils 
of  the  Sheffield  Society  of  Engineers  and  Metallurgists  and  the 
Sheffield  Metallurgical  AssociAtion,  it  was  a  Joint  Meeting  with 
these  two  Societies.  No  visits  to  works  or  excursions  were  arranged 
and  invitations  were  not  issued  to  Ladies. 

Following  a  Luncheon,  at  which  about  two  hundred  and  seventy- 
five  Members  and  Guests  were  present,  two  sessions  for  the  dis- 
cussion of  papers  were  held  under  the  Chairmanship  of  the  President 
(Mr.  John  Craig,  C.B.E.)  during  the  afternoon  and  evening,  with  a 
short  interval  for  tea.  Eleven  papers  were  included  in  the  pro- 
gramme (of  which  five  were  presented  and  discussed),  and  of  these 
three  were  submitted  by  Joint  Research  Committees  of  the  Institute 
and  the  British  Iron  and  Steel  Federation,  and  one  was  a  report 
on  a  research  carried  out  with  the  aid  of  a  grant  from  the  Andrew 
Carnegie  Research  Fund. 

A  Committee  of  Arrangements,  under  the  Chairmanship  of 
Dr.  W.  H.  Hatfield,  F.R.S.  (Vice-President),  had  been  formed  to 
advise  on  the  preparations  for  the  Meeting,  and  the  Council  desire 
to  acknowledge  their  indebtedness  to  this  Committee  for  their 
valuable  assistance. 

JoirU  Meetings, 

{For  the  period  frorn  30lh  April,  1940,  to  SUt  March,  1941.) 

In  addition  to  the  Autumn  Meeting  in  Sheffield  referred  to 
above,  the  following  Joint  Meetings  were  held  during  the  winter 
months  with  the  Societies  named  : 
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Taesday,  15ih  October,  1940  :  The  Lincolnshire  Iron  and  Steel  Institute. 

PUice  and  Time  :  The  Modem  School,  Cole  Street,  Scunthorpe, 

at  7.30  P.M. 
Chairman  :   Mr.  N.  Nisbet,  President  of  the  Lincolnshire  Iron 

and  Steel  Institute. 


Paper  : 

"  Anti-Piping  Compounds  and  their  Influence  on  Major 
Segregation  in  Steel  Ingots,"  by  Dr.  E.  Gregory. 

Monday,  16th  December,  1940  :  The  Cleveland  Institution  of  Engineers. 

Place  and  Time  :  The  Cleveland  Scientific  and  Technical  Insti- 
tute, Corporation  Road,  Middlesbrough,  at  6.30  i^m. 

Chairman  :  Mr.  L.  F.  Wright,  President  of  the  Cleveland  Insti- 
tution of  Engineers.  % 

Paper  : 

"  The  Manufacture  of  Steel  by  the  Perrin  Process,**  by  B. 
Yaneske.  (In  the  absence  of  the  author  the  paper 
was  presented  by  Mr.  R.  Mather,  to  whom  the  thanks 
of  the  Council  are  due.) 

The  Meetings  were  well  attended  and  the  discussions  interesting. 
The  Council  wish  to  record  their  appreciation  to  the  Presidents, 
Councils  and  Secretaries  of  the  Local  Societies,  as  well  as  to  the 
authors  of  the  papers,  for  their  contributions  to  the  success  of  the 
Meetings. 

Owing  to  conditions  arising  out  of  the  war  it  was  not  possible 
to  hold  as  many  Joint  Meetings  as  usual.  The  Council,  however, 
record  with  pleasure  that  the  friendly  relations  previously  reported 
were  continued  with  the  following  Societies  : 

Cleveland  Institution  of  Engineers. 

Ebbw  Vale  Metallurgical  Society. 

Lincolnshire  Iron  and  Steel  Institute. 

Manchester  Metallurgical  Society. 

Newport  and  District  Metallurgical  Society. 

Sheffield  Metallurgical  Association. 

Sheffield  Society  of  Engineers  and  Metallurgists. 

Staffordshire  Iron  and  Steel  Institute. 

Swansea  Technical  College  Metallurgical  Society. 

West  of  Scotland  Iron  and  Steel  Institute. 

Relations  With  Other  Societies  and  Technical 

Institutions. 

As  far  as  the  circumstances  of  the  war  permitted,  friendly 
relations  with  other  Scientific  Societies  and  Technical  Institutions 
in  Great  Britain,  the  Dominions  and  the  neutral  countries,  were 
maintained.  The  Council  particularly  value  the  many  signs  of 
friendship  which  have  been  received  from  the  American  Iron  and 
Steel  Institute  and  the  American  Institute  of  Mining  and  Metal- 
lurgical Engineers. 

1941— i  D 
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Collaboration  with  the  Institute  of  Metals  has  been  continued 
on  the  same  close  footing  as  in  former  years;  there  has  been  an 
increase  of  forty-six  in  the  number  of  Members  and  Associates  who 
are  Members  or  Student  Members  of  the  Institute  of  Metals  and 
these  now  number  six  hundred  and  eighty-two. 

PUBMOATIONS. 

Papers  and  Committee  and  Andrew  Carnegie  Research  Reports, — 
Two  volumes  of  the  Journal  were  published  during  the  year.  These 
contained  Mr.  Craig's  Presidential  Address  and  the  following  seven 
Committee  Reports,  two  Andrew  Carnegie  Research  Reports  and 
eleven  papers  : 

John  Cbaig  :  "  Presidential  Address.*' 

A.  J.  Bradley,  F.R.S.,  W.  L.  Braqo,  F.R.S.,  and  C.  Sykks  :  "  Re- 
searches into  the  Structure  of  Alloys.*' 

G.  P.  Contractor  and  F.  C.  Thompson  :  "  The  Damping  Capacity  of 
Steel  and  Its  Measurement.**  (Paper  No.  1/1940  of  tbs  Alloy  Steels 
Research  Committee). 

C.  A.  Edwards,  F.R.S.,  D.  L.  Phillips  and  H.  N.  Jonics  :  '*  The  In- 
fluence of  some  Special  Elements  upon  the  Strain-Ageing  and  Yield- 
Point  Characteristics  of  Low-Carbon  Steels.'* 

U.  R.  Evans  :  **  Report  on  Corrosion  Research  Work  at  Cambridge 
University  Interrupted  by  the  Outbreak  of  War.**  (Paper  No. 
1/1940  of  the  Corrosion  Committee). 

E.  Gregory  :  **  Anti-Piping  Compounds  and  their  Influence  on  Major 
Segregation  in  Steel  Ingots.**  (Paper  No.  1/1940  of  the  Committee 
on  the  Heterogeneity  of  Steel  Ingots). 

W.  H.  Hatfield,  F.R.S.,  emd  G.  W.  Giles  :  "  Non-Metallic  Inclusions 
in  Steel.  Quantitative  Evaluation. — Part  I.*'  (Paper  No.  3/1940 
of  the  Committee  on  the  Heterogeneity  of  Steel  Ingots  (submitted 
by  the  Inclusions  Sub-Committee)). 

Wm.  a.  Haven  :   "  The  Manufacture  of  Pig  Iron  in  America." 

E.  A.  Jbneinson  :  "  The  Iron -Plating  of  Specimens  for  Microscopical 
Examination.** 

H.  Lepp  :    *'  The  Oxygen /Hydrogen /Molten -Iron  System.** 

H.  Lipson  and  N.  J.  Petch  :  '*  The  Crystal  Structure  of  Cementite, 
Fe,C.** 

H.  I^ipson  and  A.  J.  C.  Wilson  :  **  Some  Properties  of  Alloy  Equi- 
librium Diagrams  Derived  from  the  Principle  of  Liowest  Free  Energy.'* 

Bo  O.  W.  L.  Ljunooren  :  "  Method  of  Sclero-Grating  Employed  for  the 
Study  of  Grain  Boundaries  and  of  Nitrided  Cases ;  Grain  Structures 
Revealed  by  Cutting.**     (Andrew  Carnegie  Research  Report). 

P.  Lloyd  and  E.  A.  C.  Chamberlain  :  *'  Corrosion  of  Steels  by  Molten 
Nitrates.'* 

W.  C.  Newell  :  **  The  Estimation  of  Hydrogen  in  Steel  and  other 
Metals.**  (Paper  No.  2/1940  of  the  Committee  on  the  Heterogeneity 
of  Steel  Ingots  (submitted  by  the  Oxygen  Sub-Committee)). 

L.  Reeve  :  "  The  Corrosion  of  Mild  and  Copper-Bearing  Steel  Panels  in 
Iron-Ore  Wagons."  (Paper  No.  3/1940  of  the  Corrosion  Committee 
(communicated  by  Dr.  T.  Swinden)). 

O.  A.  Saxtnders  and  H.  Ford  :  **  Heat  Transfer  in  the  Flow  of  Gas 
through  a  Bed  of  Solid  Particles." 

T.  Swinden  and  W.  W.  Stevenson  :  '*  An  Accelerated  Spray  Test  for 
the  Determination  of  the  Relative  Atmospheric  Corrodibility  of 
Ferrous  Materials."  (Paper  No.  2/1940  of  the  Corrosion  Committee 
(submitted  by  the  Laboratory  Research  Sub -Committee)). 
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A.  A.  TiMMiKS :    "  The  Decomposition  of  Pearlite  in  Grey  Cast  Iron." 

(Andrew  Ckanegie  Research  Report). 
R.  R.  F.  Walton  :   "  The  Practical  Side  of  Blast-Fumace  Management, 
with  Especial  Reference  to  South  African  Conditions.'* 

B.  Yanxskx  :   '*  The  Manufacture  of  Steel  by  the  Perrin  Process." 

The  monthly  Bulletin  of  The  Iron  and  Steel  InstUute  was  also 
published  during  the  year ;  as  usual  it  was  reprinted  as  Section  II. 
of  the  Jaurnala  issuea  for  the  corresponding  periods.  The  Bulletin 
is  supplied  firee  of  charge  to  Members  on  application;  the  sub- 
scription rate  to  non-Members  is  30^.  per  annum  ($6  to  members 
of  the  American  Iron  and  Steel  Institute,  the  American  Institute 
of  Mining  and  Metallurgical  Engineers  and  the  American  Society 
for  Metals). 

Joint  Libbaby  and  Infobmation  Depabtmbnt. 

Joint  Library. 

The  number  of  volumes  sent  out  on  loan  during  1940  was 
4270,  compared  with  4150  in  1939,  requests  for  books  having  been 
received  from  many  companies,  research  establishments  and  Govern- 
ment departments  as  well  as  from  Members  of  the  Institute  and  of 
the  Institute  of  Metals. 

Numerous  text-books  have  been  presented  to  the  Library  or 
purchased,  and  the  Council  wish  to  take  this  opportunity  of  thank- 
ing those  authors  and  publishers  from  whom  presentations  have 
been  received.  A  list  of  the  additions  made  to  the  Library  is 
issued  quarterly,  and  copies  will  be  sent  to  Members  on  request. 

The  majority  of  the  articles  abstracted  in  the  BnUetin  of  The 
Iron  and  Steel  Institute  are  filed  in  the  Library,  and  are  available 
for  loan.  The  original  articles  can  be  purchased  for  Members  on 
request,  and  photographic  copies  can  be  supplied  under  certain 
conditions. 

CoUaboraiion  toith  the  Institution  of  Civil  Engineers  and  the  Science 

Library. 

The  valuable  collections  of  scientific  works  included  in  the 
Science  Library  and  the  Library  of  The  Institution  of  Civil  Engineers 
are  available  for  consultation  or  loan  under  certain  conditions. 
Members  who  wish  to  avail  themselves  of  these  facilities  should 
communicate  with  the  Librarian  of  the  Joint  Library,  4,  Grosvenor 
Gardens,  London,  S.W.I. 

Information  Department, 

The  Information  Department  has  dealt  with  an  increased  number 
of  enquiries,  and  bibUographies  have  been  compiled  at  the  request 
of  Members.  Members  are  invited  to  avail  themselves  of  the 
bibliographical  and^information  services. 


36  P  REPORT  OF  OOimOIL. 

The  following  translations  were  prepared,  and  copies  are  avail- 
able for  consultation  in  the  Library  or  for  purchase,  at  a  nominal 
price  : 

No.  19. — **  Investigation  of  the  Working  of  the  No.  3  Blast-Fumace  at 

the  Zaporzhstal  Works,**  by  I.  Kozlovich.     (Translated  from  the 

Russian.) 
No.  20.—**  The  Solubility  of  Nitrogen  in  Steel,"  by  Lennart  Eklund. 

(Translated  from  the  Swedish.) 
No.  21. — **  A  Note  on  the  Solidification  of  Steel  Ingots,'*  by  R.  Hohage 

and  R.  Schafer.     (Translated  from  the  German.) 
No.  22. — *'  New  Trend  in  the  Methods  of  Determining  Oxygen  in  Alloy 

Steels,**  by  G.  Ya.  Veynberg.     (Translated  from  the  Russian.) 
No.  23.—'*  *  Stakhanov  *  Methods  of  Rapid  Open.Hearth  Melting  at  the 

Stalin  Kuznetskiy  Works,**  by  V.  Savostin.     (Translated  from  the 

Russian.) 
No.  24.—**  *  Stakhanov  *  Methods  of  Operating  the  No.  3  Blast-Fumace 

at  the  Zaporzhstal  Works,**  by  D.  Pospelov.     (Translated  from  the 

Russian.) 
No.  25.— **Lead.Bearing  Steels,'*  by  L.  Guillet.     (Translated  from  the 

French.) 
No.  26.— **  Technical  Ck)he8ive  Strength,*'  by  W.  Kuntze.     (Translated 

from  the  German.) 
No.  27.—**  A  Method  of  Melting  Steel  in  a  Basic  Electric-Arc  Furnace," 

by  K.  Matsuyama,  T.  Iki  and  K.  Muramoto.     (Translated  from  the 

Japanese.) 

Rbsearch. 

Collaboration  with  the  Iron  and  Steel  Industrial  Research  Council 
was  continued  on  the  same  basis  as  in  former  years. 

The  following  is  a  list  of  the  Joint  Committees  of  the  Institute 
and  the  Iron  and  Steel  Industrial  Research  Council  and  of  their 
Sub-Committees;  the  number  of  meetings  recorded  during  1940 
was  59  (56  in  1939)  : 

Alloy  Steels  Research  Committee  :  Chairman,  Dr.  W.  H.  Hatfield,  F.R.S. 
Established  June,  1934.     Meetings  held  during  1940  :   five. 

Subcommittee  A,  Thermal  Treatment :  Chairman,  Mr.  P.  B. 
Henshaw.  Established  January,  1936.  Meetings  held 
during  1940  :   four. 

Hair-Line  Crack  Sub-Committee  :  Chairmem,  Dr.  W.  H.  Hat- 
field, F.R.S.  Established  July,  1938.  Meetings  held 
during  1940  :   six. 

Special  Aero -Components  Sub-Committee  :  Chairman,  Dr.  W.  H. 
Hatfield,  F.R.S.  Established  July,  1940.  Meetings  held 
during  1940  :    (not  recorded). 

Corrosion  Committee  :    Chairman,  Dr.  W.  H.  Hatfield,  F.R.S.     Estab- 
lished  July,  1928.     Meetings  held  during  1940  :   five. 

Laboratory    Research    Sub-Committee  :     Chairman,    Dr.    U.    R. 

Evans.     Established  June,  1930.     No  meetings  held  during 

1940;   activities  carried  on  by  correspondence. 
Protective    Coatings    Subcommittee  :     Chairman,    Mr.    T.    M. 

Herbert.     Established     January,      1936.     Meetings     held 

during  1940  :   one. 
Marine  Corrosion  Subcommittee  :    Chairman,  Dr.  G.  D.  Ben- 

gough,    F.R.S.     Re-formed    November,     1938.     Meetings 

held  during  1940  :   two. 
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Svb'CommiUee  on  Low-Alloy  Steels  :  Established  June,  1 938. 
No  meetings  held  during  1940;  activities  carried  on  by 
correspondence. 

Sub-Comimtttee  on  the  Corrosion  of  Buried  Metals  (working  in 
collaboration  with  the  Committee  on  Soil  Corrosion  of 
Metals  and  Cement  Products  of  the  Institution  of  Civil 
Engineers).  Established  October,  1937.  No  meetings  held 
during  1940;  activities  carried  on  by  correspondence. 

Heterogeneity  o!  Steel  Ingots  Committee  :  Chairman,  Dr.  W.  H.  Hat. 
field,  F.R.S.  Established  May,  1924.  Meetings  held  during  1940  : 
five. 

Ingot  Moulds  Sub-Committee  (joint  with  the  Open-Hearth  Com- 
mittee of  the  Iron  and  Steel  Industrial  Research  Council)  : 
Chairman,  Mr.  R.  H.  Myers.  Established  November,  1934. 
No  meetings  held  during  1940;  €u:tivities  carried  on  by 
correspondence.     (Stresses  in  Moulds  Panel,  one.) 

Joint  Conference  on  the  PhysiccU  Chemistry  of  Steelmaking  (formed 
jointly  by  the  Conunittee  on  the  Heterogeneity  of  Steel 
Ingots  and  the  Open -Hearth  Conunittee  of  the  Iron  and 
Steel  Industrial  Research  Council)  :  Chairman,  Dr.  T. 
Swinden.  Established  September,  1938.  No  meetings 
held  during  1940. 

Liquid  Steel  Temperature  Sub-Committee  :  Chairman,  Mr.  E.  W. 
Elcock.  Established  March,  1929.  Meetings  held  during 
1940  :   one. 

Oxygen  Sub -Committee  :  Chairman,  Dr.  T.  Swinden.  Estab- 
lished January,  1936.  Meetings  held  during  1940  :  two. 
(Chemists*  Panel,  three.) 

Inclusions  Sub-Committee :  Chairman,  Dr.  W.  H.  Hatfield, 
F.R.S.  Established  November,  1936.  Meethigs  held 
during  1940  :   six. 

Standard  Methods  of  Analysis  Sub-Committee  :  Chairman,  Dr. 
E.  Gregory.  Established,  September,  1939.  Meetings 
held  during  1940  :   seven. 

Steel  Castingi  Research  Committee  :    Chairman,  Mr.  W.  J.  Dawson. 

Established  November,  1934.     Meetings  held  during  1940  :   six. 

Moulding  Materials  Stib -Committee  :  Chairman,  Mr.  W.  J.  Rees. 
Established  March,  1936.  Meetings  held  during  1940 : 
one. 

Foundry  Practice  Sub-Committee  :  Chairman,  Dr.  C.  J.  Dads- 
well.  Established  May,  1938.  Meetings  held  during  1940  : 
four. 

Appointment  of  Representatives. 

The  following  is  a  list  of  the  Institute's  representatives  on 
various  governing  bodies  and  committees  for  the  year  1940;  it 
has  been  brought  up  to  date  to  March  31,  1941  : 

British  Association,  Fuel  Economy  Committee :   appointment 

open, 
BKinsH   Cast    Ibon    Bbsearoh   Association  :     Professor   T. 

Turner. 
British  Corporation  Register  of  Shipping  and  Aircraft, 

Technical  Committee  :   Dr.  A.  McCance. 
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British    Eleotrioal    and    Aujbd    Industribs    Resbaroh 
Association, 
Sub-Committee    J/E,    Joint    Committee,    Steels    for    High 

Temperatm-es  :    Dr.  W.  H.   Hatfield,   F.R.S.,   Dr.  T. 

Swinden. 
Sub-Committee  J,  Earthing  to  Water  Mains :  Dr.  J.  C.  Hudson. 
British  Iron  and  Stbbl  Federation,  Statistical  Committee : 

Mr.  K.  Headlam-Morley. 
British  Refractories  Research  Association,  Coimcil:   Mr. 

W.  J.  Brooke. 
British  Standards  Institution, 

Chemical  Engineering  Divisional  Council :   Mr.  E.  F.  Law. 
Engineering   Divisional  Council  E/- :     The    Hon.    R.    6. 

Lyttelton,  Mr.  J.  Sinclair  Kerr ;  one  appointment  open, 
Sub-Committee  M33/7,  Protective  Glasses  for  Welders  and 

Industrial  Purposes  :  Dr.  C.  H.  Desch,  F.R.S. 
Technical  Committee  CEB/1,  Cement :   Mr.  F.  W.  Harbord, 

C.B.E. 
Technical  Committee  CEB/6/1,  Concrete  Blocks  :   Mr.  F.  W. 

Harbord,  C.B.E. 
Technical  Committee  CH/17,  Symbols  used  in  Diagrams  of 

Chemical  Engineering  Plant :   Mr.  A.  E.  Chattin. 
Technical  Committee  EL728,  Fans  :  Mr.  A.  F.  Webber. 
Iron  and  Steel  Industry  Committee  IS/- :  Dr.  T.  Swinden. 
Tochnical  Committee  IS /I,  Co-ordination  of  Iron  and  Steel 

Specifications  :  Dr.  T.  Swinden. 
Technical  Committee  IS/6,  Steel  Castings  :  Dr.  R.  H.  Greaves. 
Technical  Committee  IS/8,  Creep  Properties  :    Dr.  W.  H. 

Hatfield,  F.R.S. 
Technical  Committee  IS/15,  Iron  and  Steel  for  Shipbuilding  : 

Sir  Edward  J.  George. 
Technical  Committee  18/17,  Cast  Iron  Columns  for  Street 

Lighting  :  Mr.  J.  G.  Pearce. 
Technical  Committee  IS/35,  Cast  Iron  :  appointment  open. 
Technical   Committee    IS/35/3,    Malleable    Steel   Castings : 

Mr.  C.  H.  Kain. 
Technical   Committee    ME/22,    Marking   and   Colouring   of 

Foundrymen's  Patterns  :   Mr.  F.  W.  Lewis. 
Technical   Committee    ME/23,    Brinell    Hardness   Testing: 

Dr.  W.  H.  Hatfield,  F.R.S. 
Technical  Committee  ME/25,  Testing  of  Thin  Metal  Sheet 

and  Strip  :  Dr.  T.  Swinden. 
Technical    Committee    ME/32,    Engineering    S3rmbols    and 

Abbreviations  :  Dr.  T.  Swinden. 
Solid  Fuel  Industry  Committee,  SF/- :   Mr.  A.  F.  Webber. 
Technical  Committee  SF/1,  Nomenclature  and  Definitions  : 

Mr.  A.  F.  Webber. 
Technical  Committee  SF/2,  Underfed  Screw  Type  Stokers  : 

Mr.  A.  F.  Webber. 
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Technical  Committee  SF/4y   Heating  Stoves  :    Mr.  A.  F. 
Webber. 

Technical  Committee  on  Metallic  Finishes  :  Mr.  F.  C.  Piatt. 

Units  and  Technical  Data  Co-ordinating  Committee :    Sir 
Wm.  Larke,  K.B.E. 
City  and  Ouilds  of  London  Instttute,  Advisory  Committee  on 

Metallurgy  :  Mr.  E.  C.  Qreig. 
Constantinb  College,  Advisory  Committee  :  Mr.  £.  W.  Jackson. 
Empire  Council  of  Minino  and  Metallurgical  Institutions  : 

Mr.  F.  W.  Harbord,  C.B.E.,  Mr.  K.  Headlam-Morley. 
Engineering  Public  Relations  Committee, 

Main  Committee  :  Mr.  James  Henderson. 

Executive  Committee  :  Mr.  K.  Headlam-Morley. 
Hong-Kong  University,  Home  Committee  :  appointment  open. 
Imperial  College  of  Science  and   Technology,  Board   of 

Governors  :  Mr.  James  Henderson. 
Imperial  Institute,  Mineral  Resources  Department,  Iron  and 

Ferro-AIloy  Metals  Committee  :  Mr.  K.  Headlam-Morley. 
Institute  of  Fuel,  Council :  appointment  open. 
Institute  of  Welding,  Council  and  Representative  of  Patron 

Institution  :  Mr.  K.  Headlam-Morley. 
Institution  of  Mechanical  Engineers,  Research  Committee 

on  High-Duty  Cast  Irons  for  General  Engineering  Purposes  : 

Dr.  J.  E.  Hurst. 
Iron  and  Steel  Industrial  Research  Council  :    Mr.  F.  W. 

Harbord,  C.B.E.,  Dr.  W.  H.  Hatfield,  F.R.S.,  Mr.  K.  Head- 
lam-Morley. 
Joint  Committee  on  Materials  and  their  Testing  :   Mr.  K. 

Headlam-Morley. 
Liverpool  University,   Court  of  Governors :    Sir  W.   Peter 

Rylands,  Bt. 
Lloyd's  Register  of  Shipping,  Technical  Committee :    Mr. 

James  Henderson,  Mr.  P.  Baxter. 
Mechanisation  Board  (Army  Council) :    Mr.  F.  W.  Harbord, 

C.B.E. 
National    Physical   Laboratory,    General    Board :    Dr.    T. 

Swlnden,  Dr.  W.  H.  Hatfield,  F.R.S. 
Ramsey   Msaiorial  Laboratory,   Advisory   Committee :     Mr. 

F.  W.  Harbord,  C.B.E. 
Royal  School  of  Mines,  Advisory  Board  :   Mr.  F.  W.  Harbord, 

C.B.E. 
Royal  Socibty,  General  Board  for  Administering  Government 

Grants  for  Scientific  Investigations  :  The  President. 
School   of    Metalliferous    Mdhng    (Cornwall),    Board    of 

Governors  :  Mr.  J.  S.  HoUings. 
Science  Museum,  Advisory  Council :  appointment  open. 
Sheffield  University,  Court  of  Governors  :  Mr.  A.  B.  Winder. 

[The  Statement  of  Accounts  for  1940  wiU  be  found  in  the  following  pages.] 


THE  IRON  AND 

BALANCE   SHEET, 


LIABILITIES. 


£      $. 

260     0 

50    0 


•  •  • 

•  •  • 


Sandry  Creditors : — 
Offlcc  Rent 

Telephone  CalU     

Travelling  Expenses         

Autumn  Meeting 

Library  Books 

Cleaning,  Heating,  Lighting  and  Water 

Journal  Printing 

Bulletin 

'  i Enll vo      •••      ■••      •••      •••      ••• 

Yearly  Index         

Subscriptions  in  Suspense  

Subscriptions  in  Advance  : — 

Home  Members     

Overseas  Members  

^^BoOdA  VCo     ««•  •••  ••■  •••  ■•• 

Journal  Sales : — 

Amount  in  advance,  1941  

Received  on  account  of  Vol.  II.,  1940  ... 

Suspense  Account  as  at  1st  January,  1940  : — 

Reserve  for  10-year  Index  

ii<U  Further  transfer,  1940         

Entrance  Fees       

ii<U  Further  transfer,  1940         

Library  Account    ... 

Repairs  and  Decorations 

Transfer  re  4,  Orosvenor  Gardens  per  contra 


Life  Composition  Fund        

Iron  and  Steel  Institute  : — 

Capital  as  per  last  Balance  Sheet  

Accumulated  Excess  of  Income  over  Expen-       £      ».   d. 
diture  ...         ...         ...         ...         ...         ...    1,855    5     1 

Add  Excess  of  Income  over  Expenditure  for 
the  year  630    8    9 


d, 
0 
0 


1.911  14 
290  19 

0 
6 

600  0 
661  0 

0 
6 

$.  d. 


0 
9 

4 
0 

4 


800     0 

27     4 

6    0 

5  16 
1     0 

140  19  11 

6  1  10 
119  18  10 

10     0     0 

8     6 

30     3     9 


84  7 

9 

37  6 

9 

6  0 

0 

14  18 

8 

179  3 

6 

300     0     0 


2.202  IS     6 
500    0    0 


1,161     0     5 


28,882     2     4 


2,385  13  10 


£        $.   d. 


647  14     3 


76  14     6 


194     2    2 


4.163  13  11 
8,259  14     8 


26,267  16     2 


£34.609  16     8 


I  liave  examined  the  above  Balance  Sheet 


STEEL  INSTITUTE, 

3l8T  DECEMBER,   1940. 


ASSETS. 


flandry  Debtors : — 

SabtcrlptioDs  In  arre*r 

Amount  due  from  Cunegle  Scholarship  Fund 

Telephone  Deposit  

Travelling  Bxpenses        

Telephone  ... 

Printing  and  Stationery 

OIhRi  l^V  •••  •••  •••  ••• 

Sundries 

Income  Tax  recoverable 

Rent  Receivable 

Publishing  Bxi>enses : — 

Printing  ... 

Abstracts  

jse views  ...        ...        .«•        ... 

Advance  Copies  


£       8. 

14     3 

28  17 

3     1 

122     5 


d. 
0 
6 
6 
0 


8.   d. 


249     3  3 

10  0 

3  11  6 

8     4  7 

4  8 

10     0  0 

16  0 

1,566  19  3 

275     0  0 


168 


0 


Bittish  Iron  and  Steel  Corporation,  Ltd.,  re  distributioif  of 

Basic  Refractories 
International  Association  for  Testing  Materials  

Payments  in  Advance : — 

Journal  Sales        

Insurance   ...        ... 

Library  Books 

Staff  Superannuation  Fund 

Cleaning,  Heatfaig,  Lighting  and  Water 

Stock  of  Journals     

Office  Furniture  and  Library 
Caah  at  Bank  and  In  Hand  : — 

Secretary's  Account         

Deposit  Account 

Deposit  Post  Office  Savings  Account    . 

General  Account 

Cash  at  Office        

Investments  at  cost  per  Schedule  : — 

General  Fund        ...         ...        ...        ...        ...        ...        ... 

(The  Market  value  of  these  Investments  at  31st  December, 
1940,  was  £27,102  13«.  ll<f.) 
Research  Committee  : — 
Amount  advanced 

Life  Composition  Fund  : — 

Investments  at  cost  per  Schedule  

(The  Market  value  of  these  Investments  at  3l8t  December, 
1940,  was  £3,202  0«.  Ad.) 
4,  Grosvenor  Gardens  : — 

Structural  AlteraUous  and  Decorations,  Furnishing,  Legal 
Charges  and  Incidental  Expenses  as  at  Ist  January,  194U     14,170  18    0 

£       8.  d. 

J>M  Subscription!!  received  14,505    3    0 

A.R.P.  Expenditure  now  written  olT         ...      326  15    5 


145  16    8 
84     7  11 


627  6  11 
53  9  8 
27  16     8 

173  15     6 

12     9  11 

4  16  10 


178     1     4 

1,050  17     5 

722     5     9 

808     4     1 

81     6  11 


14,831  18 


661     0     5 


£       «.   d. 
Not  valued. 


2,463  19  10 


899  15  6 
Not  valued. 
Not  valued. 


2,840  15     6 
24,904  15     4 

240  14  10 
8,259  14     8 


£34.609  15     8 


of  the  Institute  and  certify  it  to  be  correct. 


{Signfd)  W.  B.  Keen, 

Chartered  AeeountarU. 


INCOME  AND  EXPBNDITURB  AOOOUNT 


1039 
£  £ 

139 


INCOMB. 


138 


4,383 
134 
173 

1,803 

4 
124 

187 

11 

9 


1.651 
111 


1,059 

139 

16 


750 
350 


760 

2,000 

500 


277 
277 


4.690 


1,931 


207 


1,762 


1.214 

6 

18 


1,100 

3,250 
60 

4.054 


Entrance  Fees     ... 
Do.      Companies' 
tkmi ... 


Nomina- 


£ 

87 


6 


6 


208  14    0 


h€»%  TiaiMfer  to  Reserve  Fund 


Annual  Subscriptions : — 
Members,  Home  Current 

Do.       Companies'  Nominati<ms 
Do.       Arrears       ...        ... 

Members,  Overseas  Current  ... 
Do.       Companies'  Nominations 
Do.       Arrears 


Nominations 


Associates,  Current 
Do.       Companies' 
Do.       Arrears 

Sales  of  Publications  : — 
Journals,  etc.  ... 
Bulletin 


Interest  on  Investments  (Cross) : — 

General  Fund 

Life  Composition  Fund 
Bessemer  Medal  Fund 

Interest  on  Deposit  Account    . . . 

Sundry  Receipts 

Institute  of  Metals : — 
Rent  Receivable         

Contribution  to  Joint  Library 
Jam  Refund     ...        ...        ... 


£ 

376 
26 


0 
0 


d. 
0 
0 


Iron  and  Steel  Industrial  Research  Council : — 

Grant  for  BuUetin      

Grant  for  Secretarial  Services  

Grant  for  Information  Service         

Carnegie  Research  Fund  : — 
Transfer  in  respect  of  Grants  

British  Iron  and  Steel  Corporation,  Ltd.,  re 
distribution  of  Basic  Refractories 

Balance,  being  Excess  of  Expenditure  over  In- 
come carried  down      


«.   d. 


290  19 
290  19 

6 
6 

4,180  1 
80S  IS 
169  6 

0 
0 
6 

1,412  17 

2  12 

122  14 

6 
6 
3 

187  16 

26  5 

1  11 

0 
0 
6 

1,584  4 
87  2 

8 

4 

1,052  17 

128  8 

16  0 

0 
2 
0 

760    0    0 


360    0    0 


760 

0 

0 

2,000 

0 

0 

500 

0 

0 

«.   </. 


4,662  19     6 


1,538    4     3 


216  11     6 


1,621     6     7 


1,192  0  2 
12  6  1 
29    2    6 


1.100  0    0 

3.250  0     0 

37  10    0 

168  6     8 

2,916  15  10 


£18.279 


£  £ 

Special  Subscriptions : — 
3,292  Contributions  receivable  during  1940 

m74  Income  Tax  recovered  

4.106 

Balance,  bt^ing  Exci'ss  of   Rxpeuditure  over 
227        Income ... 


3.402 
l.-^i?! 


5 


£16.724     2     1 


t.   d 

3     0 


5,033     9     1 


£4,898 


£6.088     9     1 


FOR  THE  YEAR  ENDED  3l8T  DECEMBER,  1940. 


1M9 
£  £ 

6,747 


150 


2,264 
22 
211 
816 
180 
576 
77 
142 


50 
25 

11 
50 


25 

2 

10 

21 

6 


0,597 

48 

841 

1,200 
24 
771 
860 
245 
148 
162 


8.726 

707 

400 

242 

64 

81 

136 

229 

45 

77 

22 


200 
2.500 


£18.279 

T 
4.056 


50 


50 


189 

134 

4 
11 


EXPBNDITU&B. 

SalariM  (Indudiiut  Pensions  and  Overtime)   ... 
YftLT  Bonus  •••  •••  •••  ...  ••< 


L$89  Cooiributions  from  Minis- 
try of  Supply  and  British 
Tnm  and  Steel  Corporation,       £     t.  d. 
Ltd.  ...         ...         ...         ...       552  15    8 

Do.  Camesle  Research  Fund      150    0    0 


Natioiial  TnsuraDjoe        

Staff  Superamniatlon  Fund      

Office  BiAnt         •••        •••        •••        •••        ••• 

Bepain  and  Decorations  and  A.R.P 

Cleaning,  Heating,  Lighting  and  Water 

Library  Boots,  Bmding,  etc 

OlRce  Furniture  ...        ...        ... 

Annual  Meeting  ... 

Autumn  Meeting  

Publiahiztt  Bxpenses : — 

JoumaT:  Printing  and  Paper  

Translations  and  Reviews 
Postage       ... 

Adirance  Copies :  Printing 

Postage 

Bulletin:  Printing     

Postage      ...        ...        ...        ... 

List  of  Members         ... 

Stationery  and  Printing  

Postage  and  Receipt  Stamps 

Travelling  and  Entertainment  Expenses 

XXflBUJKcUMTC  •••  •••  «••  •••  •••  ••• 

Auditors' Fees  for  1039 

Telephone  Bental  and  Calls      

Office  Disbursements  and  Sundry  Expenses  ... 

Translations  Service       

Bank  Interest  and  Charges       

Bessemer  Medal  ... 

Blast  Furnace  Sjrmposium       

Orants: — 

British  Electrical  and  Allied  Industries  Re- 
search Association 

British  Refractories  Research  Association  ... 

Joint  Conmiittee  on   Materials  and   their 

APPullH^  •••  •••  ••■  ■••  ••• 

British  Standards  Institution  

Mellor  Memorial         

Institution  of  Mechanical  Engineers,  Research 

on  BJi^  Duty  Cast  Iron 

Engineering  Public  Relations  Fund 

British  Foundry  School         

Sheffield  University  Foundry  Courses 
British  Standards  Institution,  Tntemational 

Meeting.  Helsinki 

Iron  and  Steel  Industrial  Research  Council 

^^  AflvUv  •••  •••  •••  •••  •••  ••• 


Balance  brought  down 

Transfer  Reserve  and  Suspense  Account : — 

Repairs  and  Decorations       

10-year  Index 

Library  Account        


Companies'  Nominations : — 

Entrance  Fees 

Subscriptions  Account : — 

Home  Members   ... 

Overseas  Members 

Associates 


£     «. 

303  13 

2  12 

26    5 


d. 
0 
6 
0 


288 

Balance,  being  Excess  of  Income  over  Bzpen- 
—       dituze  for  the  year     


£      «.  d. 

7,101  13  6 

254  18  0 

7.446  11  6 


702  15    8 


1,384  13     5 

15  10    0 

153    5  11 

228    2    2 

66     5  11 


381 
93 


5    8 
3     9 


50    0  0 

25     0  0 

10  10  0 

50     U  0 

10     0  0 


«.   d. 


6,743  15  10 

51     3  10 

286     7     5 

1,200  0  0 
438  16  11 
804  11  0 
432  16  2 
106  3  1 
142  11  6 
81     7  11 


2.322    6  5 

402    0  7 

330     4  6 

183  16  6 

45  15  8 

43  10  0 

198    0  0 

175  18  5 

51     6  4 

23  17  6 

14     2  6 


145  10     0 

2,500    0    0 

£16,724     2     1 


«.   d. 


500    0    0 

50    0    0 

500    0    0 


203  14    0 


382  10    6 


£      9.   d, 
2,016  15  10 


1.050    0    0 


636    4     6 
630    8    « 


£4,898 
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THE  INFLUENCE  OF  TURBULENCE  ON  THE 
STRUCTURE  AND  PROPERTIES   OF  STEEL 

INGOTS.* 

By  L.  NORTHCOTT,  D.Sc,  Ph.D.,  F.I.C.  (Rbsbargh  Department, 

Woolwich). 

(Tiff.  W  to  41  -  PUtM  L  to  XI.) 

Synopsis. 

Seven  steel  ingots  were  cast  by  different  methods  which  were 
selected  as  offering  different  conditions  of  turbulence  of  the  molten 
metal  in  the  mould.  The  methods  employed  involved  :  (1)  Bottom- 
casting,  (2)  top-casting,  a  single  stream  down  the  centre  of  the 
mould,  (3)  the  use  of  a  multi-hole  tundish,  (4)  a  sand  mould  with  a 
single  stream,  (5)  a  single  stream  near  one  siae  of  the  mould,  (6)  top- 
casting  with  a  single  stream,  stirring  with  a  pK)ker  after  casting,  and 
(7)  casting  in  a  sloping  mould.  The  macrostructure,  chemical  segre- 
gation and  mechanical  properties  of  the  ingots  were  studied. 

Further  information  on  the  influence  of  the  casting  method  upon 
turbulence  was  obtained  from  a  number  of  small  composite  non- 
ferrous  alloy  ingots,  in  the  preparation  of  which  a  red  allov  was 
poured  first  and  was  immediately  followed  by  a  white  alloy  of 
similar  density  and  melting  point.  Knowledge  of  the  distribution 
of  the  stream  in  the  mould  was  then  obtained  by  examining  the 
distribution  of  the  differently  coloured  alloys  in  the  ingot. 

Differences  in  the  structures  of  the  steel  ingots  are  discussed 
from  the  point  of  view  of  the  influence  of  turbulence,  and  theories 
on  the  mechanism  of  the  solidification  of  steel  are  put  forward. 

Introduction. 

It  is  known  thtit  in  the  preparation  of  an  ingot  or  casting  of  any 
metallic  alloy,  variations  in  the  casting  technique  may  lead  to  wide 
variations  in  the  crystal  structure.  In  steel-ingot  manufacture,  the 
factors  in  the  actual  filling  of  the  mould  to  which  most  attention  has 
been  paid — that  is,  apart  from  questions  affecting  the  composition 
or  degree  of  killing  of  the  liquid  steel — ^have  been  the  casting 
temperature,  the  speed  of  casting  and  the  shape  and  size  of  the  ingot. 
Experience  in  the  casting  of  other  metals  in  addition  to  steel 
has  shown  that  another  factor,  namely,  turbulence,  may  exert  a 
pronounced  effect  on  both  the  structure  and  properties.  When 
discussing  the  solidification  of  a  metal  it  is  customary  to  consider 
first  of  aU  a  mould  filled  with  liquid  metal  at  rest ;  such  a  state  of 
affairs  rarely  occurs,  however,  and  probably  not  at  all  in  the  normal 
method  of  steel-ingot  manufacture.  Descriptions  have  been 
published  from  time  to  time  of  steel  ingots  cast  by  somewhat 
unorthodox  methods,  in  which  the  turbulent  conditions  were  likely 
to  be  different  from  those  existing  in  normal  casting  practice,  and 

♦  Received  October  7,  1940. 
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certain  features  in  the  structure  of  these  and  of  ordinary  steel 
ingots  have  been  explained  as  being  due  to  the  turbulence  of  the 
liquid  metal  in  the  mould,  but  knowledge  of  the  actual  conditions 
of  turbulence  and  of  the  influence  of  this  factor  is  extremely  limited. 
It  was,  therefore,  considered  desirable  to  investigate  the  problem. 
The  application  of  a  non-turbulent  method  of  casting  to  the  pre- 
paration of  small  steel  ingots  has  been  recently  desoribed.^^  One 
of  the  chief  advantages  of  that  method  was  the  ability  to  cast  at 
such  a  low  temperature  that  coarse  crystal  structures  and  segregation 
were  readily  avoided.  In  view,  however,  of  the  probable  application 
of  such  a  process  being  limited  to  the  smaller  sizes  of  ingots,  the 
problem  oi  turbulence  still  remained  to  be  investigated.  This  has 
now  been  done  by  preparing  a  series  of  otherwise  strictly  comparable 
ingots  in  which  the  only  variable  was  the  method  of  filling  the 
mould.  The  influence  of  thus  changing  the  conditions  of  turbulence 
was  determined  by  examining  the  structure  and  properties  of  the 
ingots  so  prepared.  The  results  of  this  examination  are  described 
in  Section  I.  in  the  present  paper.  The  paper  also  contains,  in 
Section  II.,  a  description  of  a  series  of  small  composite  alloy  ingots 
cast  imder  conditions  simulating  those  of  the  large  steel  ingots  and 
prepared  in  order  to  obtain  information  on  the  influence  of  the  casting 
conditions  upon  turbulence.  Finally,  Section  III.  is  composed  of  a 
critical  discussion  of  the  experimental  results,  and  arguments  are 
advanced  to  explain  certain  of  the  effects  observed. 

I. — Steel  Ingots. 

Casting  Conditions. 

In  order  to  limit  the  variables  in  casting  to  turbulence  alone,  it 
was  considered  desirable  that  all  the  ingots  should  be  cast  from  the 
same  melt,  that  casting  temperature  and  speed  of  pouring  should 
be  constant,  and  that  moulds  of  the  same  shape  and  size  should  be 
used.  The  steel  was  made  in  a  7-ton  electric  furnace  and  all  the 
ingots  were  cast  from  the  same  ladle  of  metal.  A  separate  tundish 
for  each  ingot  ensured  a  constant  head  of  metal.  In  all,  seven 
15-cwt.  ingots  were  prepared,  all  top-poured  except  the  first,  six 
of  them  into  ordinary  cast  iron  moulds  and  one  into  a  sand  mould, 
in  the  following  order  : 

QXS :  Bottom-cast. 

QXT  :  Top-cast,  single  stream  down  centre  of  mould. 

QXU  :  Top-cast  through  a  16-hole  tundish. 

QX  W :  Top-cast,  single  stream  down  centre  into  a  sand 
mould. 

QXX  :  Top-cast,  single  stream  near  side  of  mould. 

QX  Y  :  Top-cast,  as  QXT,  but  stirred  with  poker  after 
casting. 

QXZ :  Top- cast  into  tilted  mould  with  single  stream 
striking  lower  side  of  mould. 


siBircnmB  and  pbofibtibs  ot  stkel  ingots. 


5co*  1:15. 
of  the  11-in.  Square  Moulds  for  Casting  the  logota. 
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Two  other  iagota  were  coat  from  the  same  melt  after  the  seven 
described  above,  but  have  not  been  included  in  this  examination. 

The  arrangement  of  the  moulds  is  illustrated  in  Fig.  1,  and  what 
were  assumed  to  be  the  cooditionfi  of  turbulence  are  shown  diagram- 
maticaLy  in  Fig.  2.  Standard  Il-in.  square  ingot  moulds  were  used, 
except,  of  course,  for  the  sand  mould.  The  runner  bricks  for  the 
bottom-cast  ingot  were  standard,  but  it  was  arruiged  for  imly 
one  ingot  to  be  poured.  The  second  ingot,  QXT,  wa«  representative 
of  normal  top-casting  practice,  except  for  the  use  of  the  tundish. 
The  miUti-hofe  tundiw  used  for  the  tnird  ingot,  QXU,  had  16  holes 
tapering  from  ^  to  ^  in.  in  dia.  and  waa  made  up  from  a  mixture 
of  firebrick,  alundum  and  fireclay,  and  fired  at  1100°  C.  before  use. 


\ 

o 

J 

OJIS.  QX7.  QXU.  0;tX,  QXl, 

dof  torn -cos/.    Single  stream   MulH-hok     Single  sirtam       Sloping  mould 
down  centre.       tundish       down  one  side 
Fio.  2. — ABBUtned  Motion  of  Liquid  in  MoukU. 


This  tundish,  which  appeared  undamaged  by  the  casting  operation, 
enabled  the  mould  to  be  filled  by  16  small  streams  in  approximately 
the  same  time  as  the  standard  tundish  with  a  single  large  hole. 
The  mould  for  the  fourth  ingot,  QXVi ,  was  made  using  an  ingot  as 
pattern  with  a  3-in.  facing  of  rough  compo  on  ordinary  foundry 
[Mtcking  Band.  The  mould  waa  painted  with  the  usual  foundry 
black  paint  made  from  crucible  pots  and,  after  drying,  with  tar. 
In  the  casing  of  the  fifth  ingot,  QXX,  the  stream  occasionally 
impinged  on  the  side  of  the  feeder  head,  but  the  surface  of  the 
finished  ingot  showed  no  evidence  that  the  stream  had  run  down 
the  face  of  the  mould.  The  tundish  was  removed  from  the  sixth 
mould,  ingot  QX  Y ,  immediately  after  casting  and  the  metal  stirred 
continuously  with  long  }-in.  dia.  iron  pokers  for  6  min.,  except  for 
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stoppages  to  renew  the  poker,  and  again  for  10  sec.  after  a  further 
2  min.  Altiiough  the  head  was  still  open  after  12  min.  from  the 
commencement  of  stirring,  solidification  in  the  ingot  was  so  far 
advanced  that  further  stirring  was  impossible.  The  stirred  ingot 
was  included  to  determine  the  influence  of  stirring  upon  both  the 
crystal  structure  and  the  segregation.  Experiments  by  Heggie^^ 
and  Northcott  ^^  with  materials  having  strongly  directional  crystal- 
lising properties  had  shown  that  the  production  of  an  equi-axial 
structure  was  only  possible  when  the  solidifying  mass  was  stirred. 
The  last  mould  was  tilted  at  23°  to  the  vertical  so  that  the  metal 
stream  struck  the  lower  side  of  the  mould  along  the  centre  line  at  a 
distance  of  6  in.  below  the  head.    There  was  no  welding  on  of  the 

Table  I. — MeUing  and  Ctisting  Particulars. 


Charge. 

Carbon  steel  scrap     . 

1 
.     7  tons  13  cwt. 

Slag.                                     With  charge  :  Lime  . 

3  cwt. 

Fed  later,  after  part  removal  of 

first  slag  :  Lime     . 

4  cwt. 

Spar 

}  cwt. 

Additions.                          In  fumcu!e  :    Ferrosilicon  (45%). 

901b. 

Ferro  -phosphorus 

(26-3%)      . 

25  1b. 

High-carbon   ferro- 

manganese 

261b. 

Low-carbon    ferro- 

manganese 

711b. 

Aluminium    . 

8  1b. 

In  ladle :         Aluminium    . 

2  1b. 

Ferrous  sulphide    . 

281b. 

Apparent  temperature  /  Metal                                     .          .1510-] 

at  tapping.                  \Slag 1640° 

Held  in  ladle.                     3  min.  40  sec. 

1606*»  C. 

C. 

Ladle  nozzle.                      1 J  in.  in  dia. 

Tundish  nozzle.                  l|  in.  in  dia. 

All  ingots  settled  well  in  the  mould. 

Casting  Temperatures  and  Times, 

Apparent  Temp. 

Ingot 
Mftrk. 

Type  of  Ingot. 

Time. 
Sec. 

From  Ladle. 

From 

«C. 

Tundish.    •  0. 

QXS 

Bottom -cast. 

1430-1435 

•  •  • 

42 

QXT 

Single  stream  down  centre. 
Multi-hole  tundish. 

1435-1440 

1430 

54 

QXU 

1450-1460* 

•  •  • 

50 

QXW 

Sand  mould. 

1435 

1430 

45 

QXX 

Single  stream  down  one  side. 

1430-1435 

1425-1430 

65 

QXY 

Poker-stirred. 

1430 

1420-1425 

50 

QXZ       Sloping  mould. 

1430 

1425-1430 

54 

*  Apparent  temperature  probably  10-16°  too  high  owing  to  increased 
radiation  from  larger  tundish. 
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stream,  but  the  mould  face  was  slightly  scored  where  the  stream 
touched.  On  those  ingots  in  which  the  direction  of  casting  was 
important  stamp  marks  were  applied  for  purposes  of  identification. 
To  facilitate  the  examination  for  heterogeneity,  a  medium- 
carbon  steel  of  fairly  high  sulphur  and  phosphorus  content  was 
selected.    The  casting  pcurticulars  are  summarised  in  Table  I. 

Method  of  Ingot  Sectioning. 

After  comparing  the  surface  quality  of  the  different  ingots,  the 
feeder  heads  were  cut  off  and  then  an  axial  slice,  1  in.  thick,  was 
sawn  off  and  the  axial  face  ground  and  polished.  A  sulphur  print 
was  obtained  and  the  axial  face  then  etched  to  reveal  the  macro- 
structiu-e.  Using  a  drill  f  in.  in  dia.,  samples  for  chemical  analysis 
were  taken  at  the  positions  adopted  by  the  Committee  on  the 
Heterogeneity  of  Steel  Ingots  *  for  determining  heterogeneity. 
Transverse  bars,  1  in.  deep  and  the  full  width  of  the  ingot,  were  cut 
at  distances  of  6  in.,  2  ft.  and  3  ft.  6  in.  from  the  base  to  enable 
more  detailed  examination  to  be  made  of  material  representing  the 
lower,  middle  and  upper  part  of  each  ingot.  Tensile  test-pieces 
were  machined  from  a  position  just  below  the  A  and  F  analysis 
positions,  with  the  axis  of  the  test-pieces  parallel  with  the  length 
of  the  ingot,  and  others  at  right  angles  from  just  above  the  A  and  F 
positions.  Information  on  the  sulphiu-  distribution,  macrostructure, 
microstructure,  chemical  segregation  and  mechanical  properties 
was  thus  obtained  from  the  1 -in. -thick  axial  slice  of  each  ingot. 
As  will  be  described  later,  additional  samples  were  obtained  from 
certain  of  the  ingots  for  a  more  complete  examination  to  be  made. 

Ingot  Examination. 
Surface  Quality. 

No  great  differences  were  observed  in  the  quality  of  the  surfaces 
as  between  the  different  chill- cast  ingots.  The  first  two  ingots, 
QXS  and  QXT,  probably  possessed  the  best  surfaces  although  some 
pitting  and  general  roughness  were  noticed  in  the  lower  quarters  of 
both  ingots.  The  multi-hole-tundish  ingot,  QXU,  also  had  a  good 
surface,  apart  from  some  pitting  and  streakiness  where  streams 
touched  at  two  places.  Ingot  QX  W,  cast  in  the  sand  mould,  showed 
several  patches  of  roughness  with  a  shallow  type  of  under- cutting 
•cavity  and  possessed  the  poorest  surfaces  of  all,  but  the  roughness 
^appeared  to  be  shallow  and  likely  to  be  easily  removed  by  machining. 
Tne  surfaces  of  ingot  QXX  showed  no  evidence  of  the  stream  having 
been  near  one  face.  Ingot  QXZ,  cast  in  the  tilted  mould,  showed  a 
slightly  convex  oval  patch  of  roughness  and  porosity,  about  9  in. 
long  and  5  in.  wide,  starting  at  6  in.  from  the  base  of  the  feeder 

♦  See  Fifth  Report  on  the  Heterogeneity  of  Steel  Ingots,  Iron  and  Steel 
InatiiuU,  1933,  Speci€U  Report  No.  4,  Fig.  2,  p.  26. 
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head,  as  evidence  where  the  stream  struck  the  lower  face  of  the 
mould.  The  lower  half  of  this  face  also  showed  some  roughness 
along  tiie  centre  line,  but  the  other  faces  appeared  satisfactory. 

Macrotlinicbwn.* 

It  will  be  most  convenient  to  consider  the  structure  of  each 
ingot  in  torn: 

Ingci  QXS,  BoUom-Cad, — ^The  composition  of  this  ingot  was 
remarkably  uniform  throughout,  there  being  comparatively  little 
evidenoe  of  either  A-  or  V -segregation,  nor  was  there  any  obvious 
centnd  porosity.  Only  at  the  top  of  the  ingot,  for  a  diistance  of 
aboat  8  m.  below  the  head,  was  the  primary  cr3mtal  structure  at  all 
eoarae.    {See  Fig.  20.) 

Ingoi  QXT,  Single  Stream  down  Centre, — ^This  ingot  also  appeared 
quite  sound,  but  there  was  slightly  more  s^regation  of  the  A-  and 
V-  type  than  in  QXS.    (See  Fig.  21 .) 

Ingoi  QXU,  MvUi-Hcle  Tundish. — ^There  was  a  strong  similarity 
between  this  ingot,  represented  in  Fig.  22,  and  the  bottom-cast 
one,  except  for  the  coarser  colunmar  structure  at  the  bottom  of 
QXU;  V-seffregation  was  less  than  in  the  top-cast  QXT  ingot. 

Ingoi  QXW,  Sand-Cckst, — ^Very  pronounced  piping,  coarse 
A-segiegation  and  crystal  structure  of  a  coarse  open  type  charac- 
terised this  ingot,  which  is  shown  in  Fig.  23.  The  lower  part  of  the 
pipe  contained  slag.  The  fact  that  the  pipe  extended  down  into 
the  body  of  the  ingot  for  about  one  quarter  of  the  ingot  length  is  an 
indication  of  the  greater  degree  of  solidification  which  takes  place 
in  a  chill  mould  as  compared  with  a  sand  mould  by  the  time  pouring 
is  completed,  since  in  the  former  there  is  then  less  liquid  to  solidify 
and  consequently  less  shrinkage  to  be  made  good  by  feeding  from  the 
head.  It  is  conceivable,  too,  that  in  a  chill-casting  the  first-formed 
layer  of  compact  chill  crystals  forming  the  surface  is  stronger  and 
acts  as  a  slon  preventing  penetration  of  liquid  from  the  inside, 
whereas  in  a  sand-casting  of  the  size  and  cross-section  of  the  ingot 
being  examined  it  may  be  possible  for  the  hydrostatic  pressure  of 
the  liquid  to  enable  it  to  break  through  the  comparatively  loose 
first-formed  crystals  and  penetrate  between  these  and  the  mould 
from  which  they  have  shrunk.  Support  for  this  view  is  offered  by 
the  appearance  of  the  siuiaces  of  tMs  ingot,  and  by  micro-examina- 
tion of  etched  sections.  The  point  has  been  mentioned  since  it 
prevents  an  accurate  estimation  of  the  relative  rates  of  solidification 
in  sand  and  chill  moulds  being  made  from  the  measurement  of  the 
intermJ  P^J^Qg- 

Ingot  QX  A,  Stream  down  One  Side. — ^This  ingot  is  shown  in  Figs. 
24  and  26,  the  latter  revealing  the  "  patchy  "  type  of  segregation 
which  is  probably  part  of  the  A -segregate  appearing  in  the  former 
as  masses  of  dendritic  crystals.    These  crystals  have  the  appearance 

*  Sulphur  prints  of  the  ingots  were  also  made  and  were  considered  in  pre- 
paring tbeee  comments,  but  are  not  reproduced. 
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of  having  been  broken  off  or  partially  separated  firom  the  main 
crystallisation  which  succeeds  the  columnar  crystals,  owing  to  the 
erosive  action  either  of  the  stream  or,  more  likely,  of  motion  of  the 
liquid  after  the  completion  of  casting.  Thus  instead  of  the  A- 
segregate  being  in  the  form  of  two  very  (UfiFuse  lines  as  in  the  majority 
of  chill  ingots  (Fig.  3  (a))  or  as  two  sharper  lines  as  in  the  ingot 
cast  in  a  sand  mould  (Fig.  3  (ft)),  the  segregate  in  the  present  instance 
is  in  the  form  represented  in  f^.  3  (c),  which  is  a  variation  or  broken- 
up  form  of  Fig.  3  (a).  The  alternative  explanation  which  had 
originally  to  be  considered  is  that  the  patches  represent  crystals 
which  have  been  broken  off  from  the  original  main  side  growth 
and  have  been  transported,  possibly  over  appreciable  distances,  by 
the  turbulent  motion  of  the  liquid.  Although  it  is  easy  to  picture 
such  an  occurrence,  the  first  explanation  is  wought  to  be  the  more 
likely  since  the  patches  represent  areas  of  less  pure  and  therefore 
lower-melting-point  material,  transportation  of  which  would  be 
likely  to  lead  to  its  re-solution  in  the  liquid.    Furthermore,  it  wiU 


/    \ 

(')  (b)  (c) 

Fio.  3. — ^Types  of  A-Segregates. 

be  shown  that  when  a  solid  stirring  rod  is  brought  into  contact 
with  the  growing  crystals,  the  tips  of  these  are  bent  over  rather 
than  broken  off,  so  that  it  is  unlikely  that  large  masses  would  be 
removed  by  a  liquid  stream.  Another  effect  of  the  eccentric 
pouring  has  been  to  move  the  axis  of  the  V -segregate  about  0*5  in. 
toward  the  side  nearest  which  the  stream  was  poured. 

Ingot  QXY,  Stirred. — ^The  structure  of  this  ingot  presents  an 
uncommon  appearance  typical  of  that  of  some  centrifugal  castings, 
crystallisation  and  segregation  occurring  in  bands  parallel  to  the 
mould  wall.  Portions  of  the  stirring  rods  which  have  broken  off 
and  have  been  entrapped  add  to  the  odd  appearance  of  Fig.  26. 
It  will  be  noted  that  the  majority  of  these  pieces  occur  near  the 
bottom  of  the  ingot,  some  even  appearing  to  rest  on  the  layer  of 
columnar  crystals  at  the  base.  Although  it  is  to  be  expected  that 
the  bottom  part  of  the  stirring  rod  would  be  the  one  to  be  broken 
off,  the  partial  segregation  of  these  pieces  in  their  present  position 
may  be  thought  to  support  the  hypothesis  that  falling  crystallites 
of  piu^r  steel  collect  at  the  bottom  of  the  ingot  and  are  thus  re- 
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sponsible  for  its  greater  purity.  At  the  same  time  it  should  be  borne 
in  mind  that  the  bar  used  for  stirring  was  not  only  purer  in  iron 
than  the  steel  of  the  ingot  but  was  also  colder  and  would  therefore 
be  of  higher  density  than  crystallites  of  the  steel.  An  explanation 
of  the  banded  structure  is  offered  in  a  later  section  of  the  paper. 
Although  the  distance  between  any  one  band  and  the  ingot  face 
increased  slightly  towards  the  bottom,  the  close  parallelism  between 
the  bands  and  the  ingot  surface  confirms  present  views  on  the  early 
staees  of  solidification  of  a  steel  ingot,  namely,  as  an  almost  parallel- 
waUed  shell  with  steadily  increasing  wall  thickness. 

Ingot  QXZ,  Titled  Mould. — ^This  ingot,  reproduced  in  Fig.  27, 
is  outstanding  for  the  comparative  absence  of  columnar  structure 
on  its  lower  side,  down  which  the  stream  was  poured,  and  the  large 
size  of  the  columnar  crystals  growing  from  the  opposite  face.  The 
difference  in  structure  in  the  two  sides  of  the  ingot  is  greatest  at 
the  top  and  becomes  gradually  less  prominent  as  the  bottom  of  the 
ingot  is  reached.  In  spite  of  the  large  differences  in  crystal  structure 
there  seems  to  be  rather  less  segregation  6f  the  A-  or  V-type  than  in 
most  of  the  previously  described  ingots. 

Columnar  Crystal  Size  and  Orientation. 

Two  features  in  the  macrostructure  which  were  affected  by  the 
casting  conditions  were  the  size  and  the  orientation  of  the  columnar 
crystals.  Measurements  of  the  lengths  of  these  crystals  on  both 
sides  of  the  axial  face  were  obtained  at  6-in.  intervals  from  the  base 
of  the  ingot  and  are  given  in  Table  II. 

Attention  is  drawn  to  the  values  for  crystal  length  at  the  two 
sides  of  the  tilted-mould  ingot,  QXZ,  Of  the  other  ingots  the 
shortest  crystals  are  found  in  the  poker-stirred  one,  QXY,  and  the 
longest  in  the  midti-hole-timdish  ingot,  QXU,  and,  less  uniformly, 
in  the  bottom-cast  ingot,  QX8,  The  columnar  crystals  of  QXX  are 
also  short,  as  might  be  expected,  but  almost  as  short  are  those  in  the 
sand-moidd  ingot,  QXW.  The  differences  in  columnar  crystal 
length  in  the  different  chill-cast  ingots  are  clearly  related  to  the 
degree  of  turbidence,  but  in  the  case  of  the  sand-cast  ingot  it  is 
evident  that  it  is  the  lower  temperature  gradient  which  has  enabled 
crystallisation  to  occur  on  the  inside  soon  after  it  had  commenced 
on  the  outside  of  the  ingot ;  the  influence  of  the  lower  temperature 
gradient  will  be  discussed  later. 

Measurements  of  the  orientation  of  the  columnar  crystals  relative 
to  the  normal  to  the  side  of  the  ingot  were  obtained  using  a  bevel 
protractor.  Although  slight  differences  in  orientation  occurred 
between  adjacent  crystals,  the  values  given  in  Table  III.  represent 
average  values  and  indicate  the  magnitude  of  the  differences  between 
the  ingots. 

These  figures  will  be  discussed  in  Section  III.,  but  attention  may 
be  drawn  at  this  stage  to  the  values  for  ingots  QXX  and  QXZ  in 
which  it  would  appear  that  a  downward  stream  of  metal  adjacent 
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to  the  mould  wall  results  in  an  upward  inclination  of  the  cr3rstal8  at 
&at  faee,  and  ccmversely  an  upward  current  results  in  a  downward 
inclination  of  the  crystals. 

Table  HI. — Indination  of  Columnar  Crystah  from  the  Normal  to 

the  Ingot  Face, 

-f  indicates  upward,  —  downward  inclination. 


Ingot  Mark  and  Tjrpe. 


Loft  Side. 


Kight  Side. 


QX8.     Bottom-cast. 


QXT.     Single  stream 
down  oentro. 

QXU.    Multi-hole 
tundish. 

QXW.    Sand  mould. 

QXX.    Stream  dovm 
one  side. 


QX  Y.    Poker-stirred. 


QXZ.     Tilted  mould. 


—  5°  at  top  1  ft.;  0°in 
middle;  +2^  in 
lower  third  to  +1° 
at  bottom  6  in. 

+  8^ 


-I- 10"  in  top  half  to 
4-16°  in  lower  half. 

+  10° 

0°  at  top  to  —3°  in 
middle  to  —7**  at 
bottom. 

-5°  in  top  1  ft.;  0°  in 
middle  to  -f4°  in 
bottom  1  ft. 

0^  at  top  6  in.;  +8" 
for  6  in.  where 
streckm  touched ;  -f  6° 
to  4-  8°  in  middle,  to 
+  2°  in  lower  third 
and  0°  at  bottom. 


-i- 10°  at  top  6  in. ;  then 
to  -1-7°  in  lower  half 
to  0°  at  bottom  6  in. 


+  8^ 


4  7°  in  top  half  to 
+  13°  in  lower  half. 

+  10° 

+  2°  at  top  to  +7°  in 
middle  and  +13''  at 
bottom. 

+  1°  in  upper  half  to 
+  3°  in  bottom  half. 


+  7°  in  top  third;  -3" 
in  middle  third  and 
0°  in  bottom  third. 


Examinaiion  of  1-m.  Bars. 

A  further  study  of  the  macrostructure  was  carried  out  on  the  1  -in. 
bars  out  from  the  axial  slices,  across  the  whole  width  of  the  ingot. 
To  fEusilitate  handling,  the  bars  were  cut  in  two  along  a  line  corre- 
sponding to  the  axis  of  the  ingot ;  each  bar  was  stamped  1 ,  2  or  3  to 
indicate  whether  it  was  from  the  upper,  middle  or  lower  part  of  the 
inffot,  and  also  ^  or  ^  to  indicate  the  left-  or  right-hand  half  of  the 
axial  faoe.  The  axial  face  of  each  bar  was  then  re-polished  and 
etched.  Photographs  of  a  few  selected  structures  are  reproduced 
in  Figs.  28  and  29.  Attention  may  be  drawn  to  the  following 
characteristics :  QXS.2B  shows  the  irregular  boundary  of  the 
columnar  crystals  in  the  bottom-cast  ingot,  QXW, 2 A  the  open 
texture  of  the  primary  structure  of  the  sand-cast  ingot,  QXXAB  a 
patoh  of  dendntic  structure  halfway  along  the  bar  and  a  change  in 
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direction  of  the  short  columnar  crystals,  QXT.2B  bands  parallel  to 
the  ingot  face,  QXZ,OA  small  equi-axiaJ  crystals,  and  QXZ.OB 
completely  columnar  crystals;  these  last  two  bars,  designated 
QXZ.O,  were  cut  from  the  top  of  the  ingot  below  the  feeder  head, 
about  2  in.  above  the  No.  1  position.  The  enlarged  photograph  of 
QXYAB  (Fig.  29  (c))  gives  a  good  impression  of  the  bcmding  near 
the  top  of  the  ingot  and  also  shows  the  distortion  of  the  primary 
crystals  in  the  upper  part  of  the  section  near  the  first  band ;  QXX.3A 
(Fig.  29  (d))  shows  a  periodic  structure  near  the  edge  of  the  ingot  €md 
a  change  in  the  inclination  of  the  columnar  crystals  at  a  faint 
periodic  band  at  about  two-thirds  of  their  length  measured  fix>m  the 
ingot  face.  An  explanation  for  such  directional  changes  is  offered 
in  Section  III. 

Microstructure, 

Micro-examination  showed  fairly  dose  correlation  between  the 
ferrite-pearlite  structure  and  the  primary  structure  in  all  the  ingots ; 
only  a  few  representative  structures  will  be  described  or  illustrated. 

A  study  of  the  A-segregates  showed  them  to  consist  for  the  most 
part  of  sharply  defined  dendrites,  although  the  structure  of  the 
purer  mass  on  either  side  of  the  segregate  was  of  the  nodular  or 
granular  type  with  less  contrast  in  the  degree  of  etching  between 
the  cores  and  inter-core  material.  The  axes  of  the  dendrites  in  the 
A -segregate  appeared  very  dark  against  a  light  ferritic  background, 
the  ferrite-pearlite  structvure,  both  in  the  segregated  and  non- 
segregated  areas,  conforming  largely  with  the  lay-out  of  the  primary 
structure.  Typical  structures  are  illustrated  in  Figs.  30  and  31, 
which  show  two  areas  less  than  1  in.  apart  in  bar  2B  from  the  bottom- 
cast  ingot  QXS.  No  previous  account  of  this  observation  has  been 
found  in  the  literatvure,  although  several  samples  have  been  noticed, 
and  fiu*ther  reference  to  it  will  be  made  later.  Other  samples  of 
these  dendritic  patches  of  A -segregate  may  be  seen  in  Figs.  22,  24, 
28,  &c. 

The  sand-cast  ingot  (Fig.  32)  showed  least  correlation  between 
the  primary  and  tertiary  structures ;  evidence  of  metal  having  run 
between  the  original  ingot  shell  and  the  mould,  as  suggested  by  the 
above  study  of  ingot  suiface,  was  also  given  by  the  appearance  of  the 
bar  near  the  ingot  face,  see  Fig.  33. 

Some  difficulty  was  experienced  in  the  microscopical  examination 
of  the  bands  in  the  stirred  ingot  QXY  owing  to  the  fact  that  the 

Erimary  structvure  mainly  responsible  for  the  banded  appearance 
ecame  less  pronounced  as  the  magnification  was  increased.  The 
distortion  of  the  columnar  crystals  observed  in  some  of  the  bars 
from  this  ingot  and  illustrated  in  Fig.  29  was  foimd  to  have  its 
effect  on  the  ferrite-pearlite  structure,  the  ferrite  boundaries  curving 
round  between  the  axes  of  the  curved  columnar  crystals,  see  Fig.  34. 
(The  structure  in  the  micrograph  is  reversed.) 

It  is  suggested  that  the  bending  over  of  the  ends  of  the  columnar 
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crystal  axes  is  due  to  mechanical  deformation  by  a  blow  from  the 
hair  used  in  stirring,  since  only  some  of  the  crystals  in  this  ingot 
were  distorted  so  and  none  of  the  crystals  in  the  other  ingots  were. 
It  is  worth  while  pointing  out  that  there  appeared  to  be  no  evidence 
of  any  part  of  the  colimmar  crystals  having,  been  broken  off,  so  that 
it  is  unlikely  that  the  dendrites  in  the  A-segregate  of  ingot  QXX 
are  the  result  of  portions  of  columnar  dendritic  crystals  removed  by 
the  liquid  stream  and  carried  into  the  interior  of  the  ingot. 

The  only  remaining  microstructures  to  be  considered  here  are 
those  from  the  small  equi-axial  and  the  wholly  columnar  regions 
near  the  top  of  the  tilted  ingot,  QXZ.  Figs.  35  and  36  show 
representative  areas  of  the  bars  QXZ.OA  and  QXZ,OB  illustrated  in 
Fig.  29,  and  the  dependence  of  the  ferrite-pearlite  structures  on  the 
primary  structures  will  be  observed. 

Grain  Size, 

Determinations  of  inherent  grain  size  as  shown  by  the  McQuaid- 
Ehn  test  were  made  upon  samples  cut  from  the  outermost  and 
innermost  portions  of  the  bar  2A  from  each  ingot.  The  structure 
of  all  samples  corresponded  to  a  grain  size  number  of  5,  although 
the  crystals  from  the  middle  of  the  ingots  were  less  uniform  in  size 
than  those  only  ^  in.  from  the  ingot  face,  the  number  of  grains  per 
sq.  in.  divided  by  100  being,  respectively,  15-20  and  20-24. 

Tests  were  also  made  upon  two  samples  from  each  of  the  bars 
QXZ.IA  and  QXZAB,  the  primary  structures  of  which  were, 
respectively,  small  equi-axial  and  wholly  columnar.  The  surfaces 
examined  after  the  carburising  treatment  were  originally  I^  and  4^ 
in.  distant  from  the  face  of  the  ingot.  Here,  again,  no  noticeable 
difference  was  observed  in  the  grain  size  of  the  four  different  samples, 
the  grain  size  number  of  each  being  5. 

The  results  clearly  show  that  in  these  ingots,  which  were  cast 
from  the  same  melt,  the  inherent  grain  size  as  determined  by  the 
McQuaid-£hn  test  was  not  influen^d  at  all  by  the  primary  crystal 
structure,  nor  by  the  method  of  casting. 

JUechaniccU  Properties. 

Six  tensile  test-pieces  (3^  in.  x  |  in.  in  dia.  overall,  acting  length 
1*4  in.  X  0-357  in.  in  dia.)  were  obtained  from  the  axial  slice  near  the 
A  and  F  analysis  positions  as  shown  in  Fig.  4,  in  which  the  dotted 
line  indicates  the  approximate  limit  of  columnar  growth  in  most  of 
the  ingots.  An  additional  set  of  six  test-pieces  was  cut  from  the 
other  side  of  the  unsymmetrical  tilted  ingot  QXZ.  The  results, 
given  in  Table  IV.,  indicate  that  (1)  the  optimum  properties  in  both 
tensile  strength  and  ductility  were  shown  by  the  samples  composed 
of  columnar  crystals  of  the  primary  structure ;  (2)  the  lowest  values 
were  obtained  with  specimens  from  position  4  nearest  the  axis; 
(3)  the  ultimate  stress  values  of  the  sand-cast  ingot  were  2-5  tons 
per  sq.  in.  less  than  those  of  the  other  ingots  and  the  ductility  was 
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also  lower ;    (4)  the  properties  of  the  lUHinally  cast  ingot  QXT 
compared  favourably  with  those  cast  by  the  other  methoda  and  were 
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only  fractionally  below  those  of  the  bottom-cast  ii^got  which  waa 
the  best  of  all ;  and(5)  the  tensile  properties  of  tiie  steel  in  the  as-«aat 
condition  were  very  much  less  affected  by  the  methods  o!  a 
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than  by  the  position  in  the  ingot  from  which  the  test-piece  was 
obtained. 

In  view  of  the  discussioa  which  has  taken  place  from  time  to 
time  as  to  the  relative  properties  of  columnar  and  equi-azial  cnistal 
aggregates  in  steel  ingots,  the  upper  half  of  the  tilted  ingot,  QXZ, 
w£oh  was  composed  of  columnar  crystals  on  one  Bide  and  equi- 
axial  on  the  opposite  side,  was  submitted  to  a  detailed  examination, 
the  results  of  which  are  listed  in  Table  V.  The  slice  examined  was 
actually  cut  from  that  half  of  the  ingot  not  oontaining  the  axial 
ia-ce.  The  faoe  of  this  slice  adjacent  to  the  axial  face  was  polished 
and  macro-etched  and  then  marked  out  to  be  cut  into  a  large 
Dumber  of  samples  for  tensile,  hardness  and  notched-bar  impMt 
tests.    The  podtians  of  the  various  test-pieces  and  the  division 
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between  the  columnar  and  eqoi-axial  types  of  primary  crystals  are 
indicated  in  Fig.  6.  Samples  which  were  atmealed  before  testing 
are  indicated  by  the  letter  A .  Photographs  of  the  macroetructures 
are  not  reproduced,  but  reference  to  Figs.  27  and  37  will  show  the 
type  of  structure  examined,  bearing  in  mind  that  the  structure  on 
the  slice  was  reversed  from  that  shown  in  the  photograph,  i.e.,  the 
colonmar  portion  was  on  the  left  of  the  slice. 

There  is,  in  general,  a  greater  uniformity  in  the  properties  of 
the  columnar- crystal  samples  than  of  the  equi-axial  ones  in  both  the 
SB-cast  and  annealed  state,  the  properties  of  the  equi-axial  crjrstal 
samples  being  slightly  superior  near  the  edge  of  the  ingot,  but 
falling  otr  more  rapidly  as  the  centre  is  approa^ed. 

To  make  the  comparison  still  more  complete,  a  large  number  of 
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tenaometer  test-piecee  were  cut  from  a  section  right  aoroea  the  top 
of  the  axial  slice  of  this  ingot.  Teat-piecea  were  obtained  parallel 
and  perpendicular  to  the  direction  of  growth  of  the  oolunuiar  crystals. 
The  positions  of  the  samples  and  types  of  structure  are  shown 
diagram matically  in  Fig.  6.  Four  samples  were  cut  from  each 
position;   two  were  tested  in  the  as-coat  condition  and  two  after 


Fio.  6. — Positjotu  of  Sotmilea  for  Tensile  (large)  and  Notched-Bar  (anuill) 
TestB  from  Ingot  QXZ. 
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annealing  at  900°  for  )  hr.  and  slowly  cooling  in  the  furnace, 
results  of  these  teste  are  given  in  Table  VI. 

According  to  these  results  it  would  appear  that  the  advantage, 
if  any,  lies  with  the  samples  composed  of  columnar  crystala,  since  ^e 
properties  across  the  ingot  are  more  uniform  here  than  in  the  equi- 
azial  region.    The  results  need  to  be  interpreted  with  some  care. 
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however,  since  there  are  two  other  factors  which  have  to  be  borne 
in  mind.  In  the  first  place  the  relative  soundness  or  freedom  from 
porosity  of  samples  of  the  two  types  of  structures  should  be  con- 
sidered; the  values  for  ductility  indicate  a  more  rapid  falling  oflF 
in  soundness  in  the  equi-axial  sample  as  the  centre  of  the  ingot  is 


Table   V. — Comparison  of  Mechanical  Properties  of  Test-Pieces 
Composed  of  Columnar  or  Equi-Axial  Primary  Crystals. 


Posi- 
tion. 


1 
2 
3 

4 
5 
6 


7 

8 

9 

11 

13 


0-2% 

Proof 

Stress. 

Tons  per 

sq.  In. 


Maxi- 
mum 
Stress. 
Tons  per 
sq.  in. 


Elonga- 
tion. 
%. 


Reduc- 
tion of 
Area. 


o/ 
/o- 


Posi- 
tion. 


0-2% 
Proof 

Stress. 
Tons  per 

sq. in. 


Maxi- 
mum 
Stress. 
Tons  per 
»q. iu. 


Klonga- 
tion. 


/0» 


Reduc- 
tion of 
Area. 


o/ 

/O' 


As 

cast. 

170 

38-6 

7 

7 

10 

18-5 

38-4 

11 

170 

33*6 

5 

2 

12 

17-2 

38-5 

8 

170 

37-9 

8 

7 

14 

17-5 

391 

7 

16-7 

39-3 

8 

8 

16 

160 

31-3 

4 

160 

34-3 

5 

5 

18 

16-7 

36-6 

8 

17-6 

39-9 

13 

12 

20 

16-7 

38-7 

10 

22 

18-6 

39-9 

20 

Annealed, 


220 
220 
230 
230 
230 


40-9 
35-9 
41-3 
40-7 
42- 1 


22 
9 
25 
23 
24 


32 
11 
36 
29 
26 


15 
17 
19 
21 


230 
220 
220 
230 


41-6 
350 
40*9 
410 


15 

7 

20 

19 


9 
7 
5 
4 
6 
8 
25 


16 

9 

12 

32 


Posi- 
tion. 


1 

2 

3 

4 

9 

10 

11 

12 


lEod  Value. 
Ft.  per  lb. 


Position. 


Tzod 

Value. 

Ft.  per  lb. 


As  cast. 


4 
2 
2i 

2i 

n 

4i 


21 
23 
25 
27 
29 
31 
33 
35 
37 


n 

2 
2 

2 
4 

n 


Position. 


Izod 

Value. 

Ft.  per  lb. 


T 


Position. 


I7.()«l  Value. 
Ft.  per  lb. 


Annealed. 


5 

6 

7 

8 

13 

14 

15 

16 


10} 

22 

3i 

24 

9 

26 

12 

28 

lOJ 

30 

8i 

32 

9i 

34 

lU 

36 

8.\ 

6 

7 

9 

7 

6J 

6} 

1\ 


approached  and  this  is  also  suggested  from  the  results  of  tensile 
tests  on  samples  taken  from  the  A  and  F  positions,  as  described 
above.  Micro-examination  of  representative  areas  showed  an 
increase  in  number  of  inclusions  and  intercrystalline  fissures  in  the 
middle  of  the  ingot  as  compared  with  the  edge,  and  there  was 
possibly  more  evidence  of  unsomidness  in  the  equi-axial  than  in  the 
1941— i 
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columnar  bar  though  the  difference  was  not  great ;  also  there  were 
rather  more  small  inclusions  in  the  equi-axial  samples. 

The  second  point  concerns  the  crystal  structure  of  the  material 
as  tested.  The  columnar  or  equi-axial  nature  of  the  steel  only 
refers  to  its  form  as  it  originally  existed  at  temperatures  above  the 
allotropic  change  points.  At  room  temperature  the  steel  is  composed 
of  a  mixture  of  ferrite  and  pearlite  crystals  so  that,  if  we  assume  the 
metal  to  be  uniformly  sound,  any  difference  in  mechanical  properties 
will  be  due  to  the  influence  of  the  primary  structure  upon  either 
(a)  the  form  of  the  final  ferrite-pearlite  crystals  or  (b)  the  disposition 
of  the  non-metallic  impurities  or  cavities.  The  actual  grain  size 
of  the  steel  in  the  cast  condition  was  observed  to  increase  towards 
the  middle  of  the  ingot,  but  although  there  was  no  difference  in 
size  between  representative  areas  &om  the  equi-axial  and  columnar 
bars  there  was  a  greater  precipitation  of  ferrite  in  the  equi-axial 
samples.  In  spite  of  this  the  average  ductility  of  the  equi-axiaJ 
test-samples  is  lower,  so  that  they  are  presumably  slightly  less 
sound  than  the  corresponding  colunmar  ones. 

It  was  thought  advisable  to  include  these  observations,  since 
the  results  of  work  being  carried  out  on  several  non-ferrous  engineer- 
ing alloys  which  do  not  undergo  polymorphic  changes  have  shown 
that  the  mechanical  properties  of  test-pieces  composed  of  a  large 
number  of  very  small  crystals  are  appreciably  superior  to  those  of 
pieces  composed  of  large  crystals,  either  columnar  or  equi-axial. 

Hardness  determinations  on  QXZ  bcurs  composed  of  columnar 
and  equi-axial  primary  crystals  in  the  as-cast  condition  and  after 
Severn  heat  treatments  showed  no  significant  differences  in  hardness 
between  the  two  structiu^s. 

Chemical  Segregation, 

Examination  for  heterogeneity  was  made  by  the  chemical 
analysis  of  samples  taken  &om  the  seven  standard  positions  in 
each  of  the  seven  ingots.    The  results  are  given  in  Table  VII. 

The  different  elements  are  not  distributed  identically  in  the 
different  ingots,  but  the  carbon  figures  show  the  general  trend  of  the 
B^;regation,  and  as  the  greatest  differences  are  foimd  with  this 
element,  it  will  suffice  to  consider  these  figures  only.  The  purer 
cone  usually  found  in  the  lower  central  region  of  steel  ingots  has 
been  displaced  in  ingots  QXX  and  QXZ  in  which  the  stream  was  not 
an  axial  one.  In  the  tilted-mould  ingot  QXZ,  there  is  evidence  of  a 
low-carbon  zone  along  a  line  joining  the  F  and  D  positions  and  of 
an  impure  zone  corresponding  with  the  A -segregate  from  the  A  to 
0  positions.  Ingot  QXT  shows  the  most  uniform  distribution  of 
carbon,  but  it  is  considered  doubtful  whether  this  would  be  con- 
firmed if  a  more  detailed  survey  had  been  undertaken ;  for  example, 
sample  F  is  evidently  not  representative  of  the  A-segregate  in  this 
ingot.  Actually  the  bottom-cast  ingot  QXS  is  the  only  one  in  which 
there  is  a  high  carbon  content  at  position  F,  and  it  is  probable 
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that  more  representative  results  would  have  been  obtained  had 
positions  F  and  0  been  selected  for  each  ingot.  High  and  low 
values  for  the  different  elements  are  beinc  checked.  It  is  clear, 
however,  that  the  method  of  casting  has  influenced  the  distribution 
of  the  various  elements,  and  viewing  the  results  as  a  whole  it  would 
appear  that  the  multi-hole-tundish  ingot  shows  the  least  all-round 
segregation. 

Tablb  VII. — Chemical  Arudyses. 


Ingot. 

Element. 

A, 

B. 

C. 

/). 

F. 

0. 

H. 

QXS.     Bottom-cast. 

0.    % 

0-425 

0-394 

0-420 

0-442 

0-457 

0-417 

0-442 

Si.    % 

0-089 

0-082 

0-086 

0-098 

0-074 

0-079 

0-079 

Mn.    % 

0.777 

0-737 

0-782 

0-762 

0-762 

0-787 

0-767 

s.    % 

O.OSS 

0-0S8 

0-027 

0*026 

0-022 

0-020 

0*027 

P.    % 

0-069 

0-057 

0-052 

0-066 

0-061 

0-065 

0*061 

QXT,    Single  stream 

0.    % 

0-S99 

0-401 

0-414 

0-891 

0-897 

0*401 

0*428 

down  centre. 

Si.    % 

0072 

0-074 

0-077 

0-076 

0-081 

0*080 

0077 

Mn.    % 

0-802 

0-762 

0-767 

0-762 

0-772 

0-772 

0*777 

8.    % 

0-041 

0-032 

0-032 

0-088 

0-038 

0-032 

0*035 

P.    % 

0-068 

0-052 

0-052 

0-051 

0-063 

0-066 

0*057 

QJU.    Multi-hole  tun- 

0.    % 

0-440 

0-391 

0-391 

0-392 

0-398 

0-418 

0-499 

dish. 

Si.    % 

0-078 

0-077 

0-076 

0-074 

0-076 

0-088 

0-078 

Mn.    % 

0-772 

0-757 

0-752 

0-757 

0-792 

0-772 

0-772 

8.    % 

0-039 

0-082 

0-080 

0081 

0-084 

0-081 

0*028 

P.    % 

0-062 

0-052 

0-061 

0-061 

0.069 

0-066 

0-061 

QXW.   Sand  mould. 

0.    % 

0-428 

0-884 

0-388 

0-427 

0-413 

0*413 

0-488 

Si.    % 

0-080 

0-079 

0-073 

0-449  • 

0-083 

0-082 

0*083 

Mn.     % 

0-782 

0-757 

0-767 

0-851  • 

0-720 

0-780 

0-770 

s.    % 

0-021 

0-038 

0-024 

0-036 

0-024 

0-033 

0-040 

P.    % 

0051 

0-051 

0-050 

0-055 

0-052 

0-063 

0-067 

QJX.    Stream  down  one 

c.    % 

0-439 

0-483 

0-402 

0-360 

0-394 

0-438 

0-522 

side. 

Si.    % 

0-082 

0-083 

0-082 

0-083 

0-084 

0-082 

0*098 

Mn.    % 

0-790 

0-780 

0-790 

0-800 

0-780 

0-770 

0*736 

S      o/ 

0-030 

0-020 

0-026 

0-036 

0-034 

0-032 

0*048 

p      o/ 
tr.      /o 

0-063 

0-049 

0-053 

0-054 

0-059 

0-059 

0*065 

QX7.    Poker-stirred. 

0-417 

0-359 

0-405 

0-410 

0-416 

0*369 

0-427 

Si.     % 

0-083 

0-084 

0-085 

0-089 

0-084 

0-072 

0-080 

Mn.     % 

0-795 

0-760 

0-750 

0-760 

0-780 

0-670 

0-720 

o.        /O 

0-038 

0-026 

0029 

0-034 

0-037 

0-086 

0-033 

p       o/ 

i  .         /O 

0061 

0-053 

0055 

0-OCO 

0059 

0-049 

0-068 

QXZ.    Tilted  mould. 

c.   % 

0-454 

0-424 

0-408 

0-389 

0-376 

0-442 

0-438 

Si.     % 

0087 

0-086 

0-087 

0-085 

0-087 

0-085 

0-086 

Mn.     % 

0-790 

0-780 

0-780 

0-760 

0-770 

0-790 

0-770 

s.    % 

0-029 

0-033 

0-028 

0-027 

0-032 

0-036 

0-038 

p        O/ 

0-062 

0-055 

0-055 

0-051 

0-059 

0-062 

0-064 

*  Sample  containing  slag. 


A  further  study  was  made  of  the  stirred  ingot,  QX  F,  and  the 
tilted-mould  ingot,  QXZ,  The  1-in.  bar  QXY,2B  was  sliced 
longitudinally  into  three  pieces  and  all  the  siirfaces  of  these  were 
polished  and  etched  to  show  the  primary  structure  in  order  to  detect 
whether  the  position  of  the  bands  was  geometrically  regular  on  all 
faces.  This  was  observed  not  to  be  so,  but  the  slice  (now  less  than 
0-25  in.  thick)  showing  the  most  geometric  pattern  was  selected  for 
further  tests.    Using  a  fine-pointed  shaping  tool,  small  samples 
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for  analysus  were  machined  from  the  slice  at  the  ten  positions 
shown  in  Fig.  39  (a),  the  depth  of  cut  in  all  cases  being  not  more 
than  0*1  in.,  and  the  width  approximately  0*05  in.  for  samples 
1  to  6  and  0*1  in.  for  the  remainder.  The  structure  of  the  slice 
before  being  machined  is  illustrated  in  Fig.  39  (6)  and  the  sulphur 
print  in  Fig.  39  (c). 

The  re^ts  are  given  in  Table  VIII. 

Table  VIII. — Composition  of  Bands  in  Stirred  Ingot. 


PoBltlon. 

Carbon. 

PhoRpliorus. 

%• 

%. 

10 

0-43 

0-066 

9 

0-41 

0052 

S 

0-47 

0063 

7 

0-46 

0065 

6 

0-47 

0073 

5 

0-46 

005S 

4 

0-43 

0067 

3 

0-41 

0-066 

2 

0-46 

0065 

1 

•  *  • 

0053 

In  view  of  the  difficulties  in  sampling  there  can  be  little  doubt 
that  the  true  composition  differences  are  actually  greater  than  those 
indicated  in  the  Table,  but  the  figures  do  suffice  to  show  the  direction 
of  the  changes  in  chemical  composition. 

It  is  evident  &om  Fig.  39  and  &om  the  chemical  analyses  that 
the  bands  are  less  pure,  and  the  metal  adjacent  to  them  on  the 
ingot-mould  side  more  pure,  than  the  average  composition  of  that 
portion  of  the  ingot. 

The  tilted-mould  ingot,  QXZ,  was  then  examined  for  variation 
in  composition  across  the  top  where  the  structure  was  wholly 
columnar  on  one  side  of  the  axis  and  equi-axial  on  the  other.  The 
samples  were  obtained  with  a  ^-in.  driU  from  a  1-in.  square  bar  at 
intervals  of  1  in.  along  the  bar,  a  margin  of  ^  in.  being  left  at  the 
ends  (1  and  11).  The  results  of  these  chemical  analyses  are  given 
in  Table  IX. 

Table  IX. — Composition  across  the  Top  of  the  TiUed-Mould  Ingot 

QXZ. 


Equi-axial. 

Golomnar. 

1. 

3. 

4. 

6. 

C. 

7. 

8. 

9. 

10. 

11. 

Oarbon.    % 
.»tiUcon.    % 
Manganese.    % . 
Sulphur.    %      . 
Pbosphorup.    % 

0-387 
0-088 
0-830 
0-f>34 
0-063 

0-447 
0-086 
0-800 
0-037 
0-066 

0-428 
0-084 
0-780 
0-033 
0-062 

0-418 
0-084 
0-830 
<»-036 
0-064 

0-432 
0-086 
0-816 
0-032 
0-066 

0-464 
0-086 
0-806 
0-037 
0-067 

0-444 
0-087 
0-810 
0-036 
0066 

0-461 
0-082 
0-800 
0-033 
0-064 

0-397 
0-086 
0-760 
0-033 
0-063 

0-439 
0-084 
0-830 
0-037 
0-062 

0-427 
0-091 
0-790 
0-038 
0-060 
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These  results  show  that  there  is  no  significant  difference  in  the 
range  of  chemical  composition  between  the  oolomnar  and  equi- 
axial  samples,  and  that  the  equi-azial  samples  are  at  least  as 
miiform  in  composition  as  the  columnar  ones. 

II. — CoMPOSiTB  Alloy  Ingots. 

One  of  the  factors  to  be  considered  in  explaining  ingot  solidifi- 
cation phenomena  concerns  the  motion  of  the  Bquid  inside  the  mould 
in  dependence  on  the  method  of  casting.  The  effect  of  the  casting 
conditions  on  the  turbulence  of  the  liquid  in  the  mould  may  be 
determined  by  examining  a  series  of  ingots  cast  by  the  different 
methods,  as  has  been  done  in  the  present  work,  and  by  drawing 
conclusions  &om  that  examination  as  to  the  probable  conditions 
existing  in  the  ingot  prior  to  and  during  solidification.  It  has  also 
been  suggested  that  the  diqjbribution  of  the  liquid  metal  may  be  deter- 
mined by  making  additions  of  a  radioactive  substance  to  the  stream 
entering  the  mould,  then  sectioning  the  ingot  and  examining  for  the 
distribution  of  the  radioactive  material.  Hadfield  ^^  added  molten 
copper  to  the  ingot  a  short  time  after  casting  in  order  to  reveal  the 
segregation,  but,  as  pointed  out  by  Stead,  misleading  results  may 
be  obtained  by  this  method  owing  to  the  higher  density  of  the 
copper. 

Another  method,  now  to  be  described,  consists  in  preparing  a 
series  of  ingots  composed  of  two  alloys  of  similar  freezing  point 
and  density  but  of  dififerent  colour,  cast  into  the  same  mould  one 
after  the  other.  A  red  and  a  white  alloy  may  be  used,  the  red  one 
being  a  copper-zinc  alloy  containing  90%  of  copper  and  the  white 
one  a  nickel  silver  containing  60%  of  copper,  30%  of  zinc  and  20% 
of  nickel.  Each  alloy  is  melted  in  a  separate  crucible  and  then 
cast  through  a  tundish  held  over  the  mould,  one  alloy  being  poured 
first  and  the  other  following  before  the  last  of  the  first  alloy  leaves 
the  tundish.  In  this  way  the  mould  is  filled  by  an  unbroken 
imiform  stream  of  metal.  From  an  examination  of  such  composite 
alloy  ingots,  positive  evidence  is  obtainable  as  to  the  final  distribution 
of  the  first-poiu'ed  and  last-poured  metal  in  the  ingot.  Varying  the 
proportions  of  the  two  alloys  imder  a  standard  set  of  casting  condi- 
tions provides  further  information  as  to  the  distribution  of  the  various 
portions  of  the  stream.  This  composite  alloy  type  of  casting  has 
been  adopted  with  success  in  the  examination  of  slab  ingots  as  used 
for  brass  strip  manufacture.^*^ 

Casting  Conditions. 

In  the  present  experiments,  small  ingots  9  in.  long  plus  a  2^-in. 
feeder  head  and  2  in.  square  were  cast  under  conditions  simulating 
those  used  for  the  steel  ingots  described  in  the  previous  section. 
A  tundish  having  a  single  hole  ^  in.  in  dia.  was  used  except  in  the 
case  of  the  multi-hoie  tundish,  which  had  9  smaller  holes,  and  of 
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the  bottom-oast  ingot.  It  is  realised  that  the  scale  effect  and  the 
nse  of  two  non-ferrous  alloys  in  place  of  steel  prohibit  the  repro- 
duction of  solidification  phenomena  identical  with  those  in  the 
much  larger  steel  ingots,  and  such  reproduction  was  not  intended, 
the  purpose  of  these  composite  ingot  experiments  being  merely 
to  provide  information  upon  the  effect  of  the  different  casting 
conditions  on  the  distribution  of  the  metal  stream  in  the  mould. 
It  is  freely  admitted  that  the  value  of  the  results  would  have  been 
increased  by  the  use  of  moulds  of  the  same  size  as  those  adopted 
for  ihe  steel  ingots,  but  the  facilities  were  not  available. 

Ingots  were  prepared  &om  alloys  poured  at  1200^  C,  first  in  the 
proportion  of  76%  red  and  25%  white,  and  then  60%  red  and  60% 
white,  in  both  instances  the  red  being  poured  first.  The  ingots 
were  sectioned  down  the  middle,  and  the  axiaJ  faces  prepared  by 
polishing  and  etching  to  reveal  the  structure  and  distribution  of 
the  two  alloys.  The  majority  of  the  ingots  were  actually  found  to 
be  composed  of  three  differently  coloured  alloys — ^red,  white  and 
pink — this  last  appearing  between  the  first  two  and  showing  the 
extent  to  which  mixing  cuid  diffusion  had  occurred.  In  some 
instances  the  boimdaries  between  the  differently  coloured  alloys 
were  not  well  defined. 

ExamincUion  of  Ingots. 

Photographs  of  a  few  of  the  ingots  are  reproduced  in  Fig.  40. 
Ingot  RQF3,  single  stream  down  centre,  is  of  interest  in  showing 
the  penetration  of  the  final  portions  of  the  stream  into  the  body 
of  the  ingot,  the  displacement  of  some  of  the  earlier-poured  alloy 
up  the  sides  of  the  mould  as  far  as  the  feeder  head,  and  the  fairly 
large  proportion  of  pink  alloy. 

In  striking  contrast  is  the  structure  of  the  multi-hole-tundish 
ingot  RQF7 ;  this  is  characterised  by  an  absence  of  the  pink  alloy, 
a  dear  demarcation  between  the  white  and  the  red  sJloys,  and 
large  crystal  size.  Each  of  these  features  may  be  explained  as 
resulting  from  the  considerably  reduced  turbulence  experienced 
with  this  method  of  casting.  The  structure  of  the  similarly  pre- 
pared 60-red/50-white  alloy  was  almost  identical,  differing  only  in 
the  proportions  of  the  two  alloys. 

The  photograph  of  the  macrostructure  of  the  stirred  ingot 
RQF6  reveals  the  existence  of  a  considerable  proportion  of  the  pink 
alloy,  and  gives  evidence  of  the  extra  mixing  effect  of  the  increased 
turbulence ;  there  was  also  some  general  streakiness  and  a  certain 
amount  of  faint  banding  along  the  sides.  The  sand-cast  ingot  RQFS 
was  the  only  one  not  showing  any  of  the  white  alloy ;  the  lower  rate 
of  solidification  obviously  permitted  ample  mixing  of  the  white 
with  the  previously  poured  red  material,  such  that  more  than  half 
of  the  ingot  was  composed  of  the  pink  alloy.  The  ingot  cast  in  the 
tilted  mould,  RQFll,  shows  an  imsymmetrical  structure  in  the  red 
alloy  in  the  lower  half  of  the  ingot  with  longer  crystals  growing 
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from  the  "  upper  "  face  of  the  mould  than  from  the  lower  face, 
corresponding  to  the  differences  in  crystal  length  in  the  steel  ingot 
QXZ  cast  in  the  tilted  mould.  The  white  alloy  did  not  show  this 
effect,  presumably  owing  to  the  pronounced  influence  which  nickel 
is  known  to  have  in  reducing  grain  size. 

Several  bottom -cast  ingots  were  prepared.  In  the  case  of  the 
one  illustrated,  RQF20,  for  the  reason  given  later,  the  bottom  nozzle 
was  intentionally  set  at  a  slight  inclination  to  the  vertical  so  that 
its  axis  cut  the  mould  face  about  one-third  to  one-half  way  up  from 
the  base.  This  resulted  in  a  slightly  unsymmetrical  disposition  of 
the  red  and  white  alloys,  as  well  as  a  difference  in  the  orientation 
of  the  short  colimmar  crystals  on  the  two  opposite  faces  of  the  ingot. 
The  crystals  on  the  right-hand  side,  where  one  may  assume  there 
was  an  upward  flow  of  metal,  are  inclined  slightly  downwards, 
whereas  on  the  opposite  side  the  crystals  have  an  upward  inclination. 

The  ingot  cast  with  the  stream  down  one  side,  nQF29,  is  the  only 
one  illustrated  which  was  composed  of  the  two  alloys  in  the  50/50 
proportion,  and  was  selected  for  reproduction  in  preference  to  the 
75/25  ingot  as  showing  more  clearly  the  directional  crystal  orienta- 
tion and  the  large  proportion  of  the  pink  mixed  alloy.  The  75/25 
ingot  naturally  consisted  of  more  of  the  red  alloy  at  the  base,  but 
also  showed  a  larger  proportion  of  red  alloy  along  the  side  away 
from  the  stream  than  along  the  one  ne€u«st  to  it. 

The  signiflcance  of  the  work  on  composite  ingots  will  be  briefly 
considered  in  the  next  Section. 

III. — Discussion  of  Experimental  Results. 

Assessment  of  Degree  of  Turbulence, 

It  is  evident  from  the  examination  both  of  the  15-cwt.  steel 
ingots  and  of  the  13-Ib.  non-ferrous  alloy  ingots  that  the  different 
casting  conditions  have  exerted  a  pronounced  influence  on  the  ingot 
structure,  and,  excluding  for  the  time  being  the  sand-cast  ingot, 
this  effect  is  due  solely  to  the  alteration  in  the  conditions  of  tur- 
bulence in  the  mould  brought  about  by  varying  the  method  of 
pouring. 

From  the  data  on  the  lengths  of  columnar  crystals  given  in  Table 
II.,  there  is  reason  to  believe  that  the  processes  involving  the  least 
turbulence  are  those  requiring  the  use  of  the  multi-hole  tundish  or 
bottom-casting,  since  long  columnar  crystals  are  foimd  in  ingots 
prepared  under  either  of  these  conditions.  Much  shorter  crystals 
are  found  in  the  last  three  ingots,  QXX,  QXY,  QXZ,  respectively, 
stream  down  one  side,  poker-stirred  and  tilted  mould,  and  it  is  to  be 
expected  that,  with  the  exception  of  the  last  ingot,  QXZ,  turbulence 
would  be  most  pronounced  in  these  ingots.  Ingot  QXT,  single 
stream  down  centre,  cast  under  conditions  more  representative  of 
standard  practice,  is  intermediate  in  columnar  crystal  size  between 
the  two  main  groups.    In  ingot  QXZ,  cast  in  the  tilted  mould,  the 
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oontmiioas  flow  of  metal  down  the  lower  face  constitutes  the  most 
pronounced  fonn  of  turbulence  at  or  near  a  mould  face  and  has  led 
to  the  smallest  columnar  crystal  size.  The  structure  of  the  metal 
grown  from  the  opposite  face  indicates  quiescent  conditions  of  growth, 
and  these  may  be  likened  to  those  existing  in  a  bottom-casting  using 
a  large  slowly  running  stream.  The  action  of  stirring  after  casting 
{QXY)y  by  maintaining  turbulent  conditions,  has  reduced  the  size 
of  the  columnar  crystals  appreciably  as  compared  with  those  observed 
in  a  similar  ingot  not  stirred,  QXT,  That  there  is  such  a  large 
difference  in  structure  between  ingot  QXX,  stream  down  one  side, 
and  QXZy  tilted  ingot,  which  might  be  thought  to  have  experienced 
similar  turbulent  conditions  is  presumably  due  to  the  partial 
dissipation  of  the  force  of  the  stream  in  the  last  ingot,  QXZ,  owing  to 
ttie  stream  striking  one  of  the  mould  faces.  The  subsequent  wider 
spread  of  metal  of  lower  energy  is  then  more  readily  cushioned  by  the 
Hqnid  already  in  the  mould.  The  action  may  be  compared  to  the 
method  of  filling  a  glass  of  beer  by  pouring  fix>m  a  bottle  down  the 
lower  side  of  an  inclined  tumbler  as  against  that  in  which  it  is  poured 
into  an  upright  tumbler ;  less  turbulence  and  hence  less  frothing  is 
experienced  in  the  former  method.  The  much  reduced  turbulence 
near  the  upper  face  of  the  steel  ingot  QXZ  has  resulted  in  the  growth 
of  long  crystals  frx>m  this  face  which  was  farthest  frx>m  the  stream. 

The  experiments  made  with  the  composite  alloy  ingots,  in  general, 
confirm  these  findings,  but  a  few  additional  conclusions  may  be 
drawn  as  to  the  effects  of  the  different  casting  conditions.  For 
example,  it  is  not  possible  from  an  examination  oi  the  steel  ingots  to 
determine  the  degree  of  penetration  of  the  stream  into  the  liquid 
already  in  the  mould,  but  this  is  clearly  shown  by  the  composite- 
ingot  method.  Its  use  thus  is  valuable  in  demonstrating  the  com- 
parative absence  of  major  turbulence  in  the  multi-hole-timdish 
process  of  casting,  and  the  pronounced  penetration  of  the  stream  and 
consequent  displacement  of  the  previously  poured  liquid  in  the  case 
of  ingots  cast  with  a  single  stream.  Furthermore,  the  reduction  of 
general  turbulence  by  the  use  of  a  tilted  mould  with  the  single 
stream  is  confirmed  by  the  comparatively  small  proportion  of  the 
pink  mixed  alloy,  both  in  the  75/25  and  the  50/50  ingots. 

There  is  one  other  observation  to  be  made  arising  from  the 
structure  of  the  tilted  mould  ingot.  The  increase  in  crystal  length 
on  the  "  upper  "  face  as  the  top  of  the  ingot  is  approached  is  clearly 
due  to  the  reduced  tm-bulence  of  the  liquid  in  this  half  of  the  ingot, 
together  with  the  smaller  temperature  increase  of  the  mould  face 
here,  since  it  was  in  contact  for  a  shorter  time  with  the  flow  of  liquid 
steel.  As  the  columnar  crystals  actually  reach  the  middle  of  the 
ingot  at  the  top,  it  is  evident  that  under  perfectly  quiescent  or  non- 
tm-bulent  conditions  the  primary  structure  of  the  whole  of  each  ingot 
would  be  completely  columnar.  The  difference  in  turbulence 
brought  about  by  the  different  casting  conditions  has  led  to  the 
columnar  crystals  having  different  lengths,  but  none  of  the  ingots 
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shows  a  completely  columnar  structure.  It  would  appear  that  the 
multi-hole-tundish  method  of  casting  resulted  in  the  least  turbulence 
of  the  liquid  in  the  mould,  and,  although  the  composite  alloy  ingot 
cast  by  this  method  shows  very  large  columnar  crystals,  the  steel 
ingot  is  by  no  means  completely  columnar,  and  this  must  be  explained 
as  being  due  to  interference  m>m  the  downward  movement  of  the 
liquid  along  the  axis  of  the  ingot  arising  firom  the  feeding  of  the  ingot. 
The  tendency  towards  completely  columnar  growth  in  these  particular 
ingots  is  therefore  insufficient  to  overcome  the  disturbing  action  of 
this  mild  flow  during  feeding. 

Inclination  of  the  Columnar  Ctyskda. 

In  a  brief  comment  on  Table  III.,  in  which  are  given  the  values 
for  the  inclination  of  the  columnar  crystals,  attention  was  directed 
to  a  conclusion  drawn  from  ingots  QXX  and  QXZ  that  a  downward 
stream  of  metal  adjacent  to  the  mould  wall  appeared  to  result  in  an 
upward  inclination  of  the  crystals  at  that  fiEtce  and  vice-veraa^  that 
is  to  say  the  inclination  of  the  columnar  crystals  is  in  the  reverse 
direction  to  that  of  the  stream.*  Phragm^n  arrived  at  this  conclu- 
sion some  years  ago  and  Carlsson  and  Hultgren  ^^  have  subsequently 
described  a  similar  effect  in  small  stearine  ingots.  A  reference  to 
the  upward  inclination  of  the  columnar  crystals  has  also  been  made 
.  by  the  Committee  on  the  Heterogeneity  df  Steel  Ingots.^^  A  good 
example  of  the  Phragm^n  effect  in  the  present  work  is  shown  by 
the  structure  at  the  bottom  of  ingot  QXX,  stream  down  one  side, 
in  which  the  unsymmetrical  nature  of  the  crystal  orientation  on 
either  side  of  the  axis  may  be  observed,  see  Fig.  38. 

The  structures  obtained  with  two  methods  of  casting,  however, 
did  not  at  first  sight  appear  to  fall  in  line  with  this  principle.  These 
occurred  in  the  bottom -cast  ingot  QXS  in  which  the  angles  of 
inclination  {see  Table  III.)  seemed  to  be  irregular,  and  the  ingots 
top-cast  with  single  stream  down  centre,  QXT  and  QXW,  in  which 
the  motion  of  the  liquid  was  expected  to  be  in  the  form  shown  in 
Fig.  2  for  QXT.  According  to  this  the  columnar  crystals  should 
clearly  be  inclined  downwards,  instead  of  upwards  as  was  actually 
observed.  The  inference  is  that  Fig.  2,  showing  for  QXT  an  upward 
motion  of  the  liquid  adjacent  to  the  mould  wall,  does  not  represent 
a  true  picture  of  the  turbulent  conditions.  Top-pouring  triais  were 
therefore  carried  out,  using  a  stream  of  water  instead  of  liquid  steel 
and  a  large  square  glass  vessel  in  place  of  the  cast-iron  mould,  so 
that  the  motion  of  the  liquid  could  be  observed  through  the  glass 
sides  of  the  "  mould."  Tea  leaves  suspended  in  the  water  helped 
to  depict  the  liquid  motion.  Turbulent  conditions  which  had  been 
assumed  to  operate  in  ingots  QXX  and  QXZ,  respectively  stream 

*  In  common  with  most  steel  ingots  those  examined  hero  showed  at  the 
surface  a  thin  chill  skin  of  inuleflnod  structure,  discussed  in  brief  later.  The 
(>r>'stals  the  inclination  of  which  is  now  being  considered  are  the  columnar 
crystals  on  the  inside  of  the  chill  skin. 
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down  one  aide  and  tilted  mould,  were  reproduced  in  the  w&ter 
experimraits,  but  when  the  stream  was  poured  down  the  centre 
the  conditioiis  vere  different  from  those  assumed  in  Fig.  2,  but  were 
as  shown  in  Fig.  7.  The  upward  current  surrounding  the  central 
stream  was  due  to  the  upw^d  rush  of  air  bubbles  injected  with  the 
stream,  as  shown  in  Fig.  41,  the  air  bubbles  keeping  to  paths  close 
to  the  abeam,  and  the  liquid  Bubsequently  taking  a  course  down- 
wards <Ri  the  outside  near  the  mould  wall.  If  the  assumption  be 
made  that  the  motion  of  the  steel  is  in  any  way  similar  to  that  of  the 
water  shown  in  Fig.  7,  then  the  crystal  inclination  is  in  accordance 
with  the  principle  mentioned  above. 

If  the  same  principle  of  c^tal  orientation  is  held  to  be  operative 
for  the  bottom-cast  ingot  QXS,  the  structure  of  this  ingot  may  be 
leadi^  explained  by  the  turbulent  motion  being  of  the  type  shown 


Fio.  7. — Ingot  QXT,  top-cast. 


Fifi.  8.— Ingot  QXS,  bottom-c. 


in  Fig.  8.  Here  the  stream  is  not  a  vertical  one  but,  owing  to  slight 
imperfection  either  in  the  bottom  centra)  runner  or  its  setting,  the 
final  stream  is  shghtly  inclined  bo  that  it  approaches  the  top  of  one 
of  the  mould  faceH.  Confirmation  of  this  view  is  found  in  the 
bottom-cast  composite  alloy  ingot  RQF20,  Fig.  40  (/),  in  which  the 
stream  was  intentionally  deflected  to  one  side ;  the  columnar  crystal 
inclination  follows  the  general  rule  described  above. 

The  evidence  thus  points  to  the  concluaion  that  the  columnar 
crystals  are  inclined  towards  the  direction  from  which  the  metal 
flows.     The  following  argument  is  offered  in  explanation  : 

Assume  that  in  an  ideal  case  we  have  a  mould  nearly  full  of 
quieaoent  liquid  steel,  the  original  temperature  of  which  is  the  same 
throughout.  As  the  temperature  of  the  mould  itt  much  lower  than 
that  of  the  steel,  a  temperature  gradient  will  be  set  up  in  the  liquid 
at  right  angles  to  the  mould  wall,  the  isotliermals  being  parallel 
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to  the  mould,  as  in  Fig.  9  (a),  with  the  result  that  columnar  crystals 
of  any  appreciable  length  will  t«nd  to  grow  in  a  direction  normal  to 
the  mould  face.  If  into  this,  now  oooung,  liquid  a  stream  of  metal 
is  poured  at  the  temperature  of  the  original  liquid,  the  stream, 
irrespective  of  the  direction  in  which  it  flows,  will  lose  heat  to  the 
liquid  already  present,  and  the  farther  the  stream  toivels  the  cooler 
will  it  become.  Reference  to  the  conditions  of  turbulence  in 
the  different  ingotfi  ehowB  that  in  most  of  them  there  is  a  downward 
current  of  metal  near  the  mould  wall.  Since  the  stream  loses  heat 
as  it  travels  downwards,  the  hotter  metal  is  at  the  top,  so  that  the 
isothermals  are  no  longer  parallel  with  the  mould  wall  but  are 
inclined  to  it  in  the  du«otion  shown,  exaggerated,  in  Fig.  9  (&). 
The  isothermals  will  not  be  inclined  to  the  mould  wall  at  the  same 
angle  throughout  their  length,  because  the  fiirther  the  hot  stream 


travels  down  into  the  liquid  the  greater  will  be  its  spread  or  diffusion 
and  the  smaller  will  be  the  temperature  difference  between  the  stream 
and  the  liquid  already  present.  Furthermore,  since  pouring  is 
completed  in  about  one  minute,  very  considerably  less  than  the  time 
of  solidification,  turbulence  in  the  liquid  brought  about  by  the 
casting  stream  will  become  gradually  less,  and  this,  also,  will  permit 
the  isothermals  to  return  more  to  the  vertical  as  they  approach 
the  middle  of  the  ingot. 

Fig.  9  (c),  a  combination  of  Figs.  9  (a)  and  (6),  shows  the  probable 
form  of  the  isothermals  at  a  particular  instant,  solidification  starting 
at  positions  corresponding  with  the  upper  part  of  the  diagram  where 
the  isothermals  are  well  inclined  to  the  mould  wall  and  columnar 
growth  continuing  there  in  a  direction  at  right  angles  to  the  iso- 
thermals, that  is  to  say  the  crystals  should  be  inclined  slightly 
upwards.  As  in  actual  practice  the  crystals  are  found  to  be  inclined 
8-10°  upwards,  it  follows  that  the  isothermals  corresponding  with 
the  early  stages  of  columnar  growth  are  inclined  at  about  8-10°  to  the 
mould  wall.  Lower  down  the  ingot  crystal  growth  will  continue, 
though  at  a  less  rapid  rate,  but,  according  to  the  scheme  outiined 
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above,  at  any  instant  the  thickness  of  the  solidified  shell  will  be 
slightly  greater  in  the  lower  portion  of  the  ingot  than  it  is  above. 
This  aJso  is  what  is  found  in  practice,  as,  for  example,  when  the 
liquid  is  withdrawn  from  a  partially  solidified  ingot,^®*®*  and  it  is 
shown  by  the  banding  effect  in  the  stirred  ingot  QX  Y ;  it  must  be 
added,  however,  that  part  of  this  increase  in  thic^ess  towards  the 
bottom  must  be  due  to  casting  there  first  and  solidification  starting 
at  the  bottom  whilst  the  mould  is  being  filled. 

The  above  argument  also  holds  in  explaining  the  doumujard 
inclination  of  the  crystals  in  parts  of  the  ingot  QXSy  bottom-cast, 
QXXy  stream  down  one  side,  and  QXZ^  tilted  mould,  bearing  in 
mind  that  in  these  instances  there  is  locally  an  upward  flowing 
stream  of  metal,  the  lower  portions  of  it  being  hottest.*  It  would 
therefore  appear  that  the  columnar  crystals  are  likely  to  be  inclined 
to  the  normal  to  the  mould  wall  when  the  ingot  is  cast  under  con- 
ditions leading  to  turbulence  of  the  liquid  metal  in  the  mould. 

A  striking  example  of  the  inclination  of  the  crystals  towards  the 
direction  from  which  the  stream  flows  is  shown  by  the  macro- 
structure  of  the  axial  face  of  a  lead  ingot  illustrated  in  Fig.  42. 
The  metal  was  poured  down  the  right-hand  side,  and  the  un- 
symmetrical  crystal  orientation  which  will  be  observed  is  similar 
to  that  found  in  the  steel  ingot  QXX,  stream  down  one  side,  see 
Fig.  38. 

According  to  these  views,  and  as  mentioned  above,  the  iso- 
thermals  tend  to  approach  the  vertical  as  they  recede  from  the 
ingot-mould  face.  It  should  follow  that  there  will  be  an  increasing 
tendency  for  the  columnar  crystals  to  grow  horizontally.  It  must 
be  rememl)ered,  however,  that  in  the  crystallisation  of  a  substance 
such  as  a  metal,  where  the  atomic  forces  are  comparatively  powerful 
even  at  temperatures  just  below  the  melting  point,  once  a  dendritic 
axis  has  started  to  grow  in  one  direction,  it  normally  continues 
growing  in  the  same  direction,  provided  that  it  meets  with  no 
obstruction  and  that  there  is  no  disturbance  during  solidiflcation. 
Growth  in  a  slightly  difi'erent  direction  usually  occurs,  not  by  the 
bending  over  of  the  main  axis  but  by  the  growth  of  new  axes  at 
right  angles  to  the  first  followed  by  systems  of  other  growths  of  the 
same  type,  the  average  direction  of  these  being  always  normal  to 
the  solidus  isothermals.  With  non-metallic  materials  having  much 
smaller  atomic  forces  the  bending  over  of  the  main  axes  is  sometimes 
observed,  and  examples  of  this  in  the  case  of  wax  are  illustrated  in 
the  paper  by  Carlsson  and  Hultgren.^®^ 

Even  with  metals,  conditions  may  arise  which  permit  a  change 
in  the  direction  of  growth  of  the  main  axes  of  the  crystal.  A  study 
of  the  columnar  crystal  structures  of  the  steel  ingots  described  in 

*  That  there  may  be  a  downward  inclination  renders  untenable  the 
suggestion  that  the  colunuiar  crystal  inclination  is  due  to  the  direction  of 
the  isothermals  being  modified  by  the  bottom  of  the  mould  warming  up 
before  the  top  as  the  first  metal  is  poured  into  it. 
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this  paper  showed  innumerable  instances  of  the  dendrites  becoming 
more  horizontal  with  increasing  distance  from  the  mould.  Lest 
it  be  thought  that  such  a  change  might  be  due  to  the  bulk  movement 
or  sinking  of  the  metal  during  feeding  it  should  be  stated  that 
examples  were  observed  in  the  lower  luJf  as  well  as  in  the  tipper 
half  of  the  ingot,  and  also  in  those  crystals  originally  inouned 
daumuxirda.  The  change  in  direotion  towards  the  horizontal  is 
then  an  upward  one.  An  example  of  this  is  illustrated  in  Fig.  29, 
from  the  ingot  QXXJ^A,  in  which  the  stream  was  poured  down  one 
side.  Three  possible  conditions,  excluding  mechanical  movement, 
may  be  suggested  as  enabling  the  axes  to  change  direction :  (1) 
A  change  in  the  direction  of  the  isothermals.  This  is  obviously 
essential  but  is  not  thought  to  be  effective  by  itself.  (2)  As  (1), 
together  with  mechanical  shock  which  interferes  momentarily  with 
the  course  of  solidification.  (3)  As  (1),  together  with  variations  in 
the  concentration  gradient  which  interfere  with  the  course  of  solidifi- 
cation. A  good  example  of  such  a  variation  is  found  in  the  inter- 
mittent type  of  crystallisation  characterising  periodic  structures. 
These  structures '  were  present  in  aU  the  ohiil-cast  steel  ingots 
examined,  and  it  is  clear  that  an  opportunity  does  arise  for  an 
interruption  in  the  directional  properties  of  the  forces  of  crystalli- 
sation. It  is  suggested  that  this  third  condition  is  the  prevailing 
one  in  the  examples  observed  in  the  present  work,  since  the  change 
in  direction  does  sometimes,  though  not  always,  occur  at  one  of  the 
bands  of  the  periodic  structure. 

t^'Segregates, 

It  is  not  proposed  to  offer  any  general  explanation  for  the  forma- 
tion of  the  A-segregates,  since  the  views  expressed  by  the  Ingots 
Committee  ^^^  (he.  cit.y  p.  11),  namely  that  the  segregates  are  the 
resultant  of  two  effects,  a  forward  movement  of  the  solid/liquid 
boundanr  and  an  upward  movement  of  the  impure  liquid  arising 
from  differential  solidification,  are  considered  to  be  correct. 

A  study  of  the  ingots  described  in  this  paper  has  shown  that  the 
A-segregates  are  dendritic.  A  particular  example  has  been  de- 
scribed under  "  Microstructure  '*  in  Section  I.  and  illustrated  in 
Fig.  30,  but  other  examples  will  be  observed  from  the  macrographs. 
Judging  from  the  micro-examination  of  etched  specimens  there 
appears  to  be  a  much  wider  range  in  composition  in  the  dendritic 
areas  than  in  adjacent  areas  on  either  side  of  the  A-segregate.  It 
would  therefore  appear  that  the  reason  for  the  dendritic  structure 
is  that  solidification  of  the  segregate  material  must  have  occurred 
by  crystallisation  from  a  few  centres  in  a  low-melting-point  liquid 
having  a  wide  freezing  range — conditions  likely  to  be  prevalent  in 
impure  strata  in  the  liquid. 

Turning  now  to  the  patchy  appearance  in  ingot  QXX,  stream 
down  one  side,  it  is  clear  from  the  dendritic  structure  of  the  patches 
and  their  higher  content  of  impurity,  judged  from  the  sulphur 
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print  and  maaro-etoliing,  that  the  patches  consifrt  of  a  slightly 
broken  np  form  of  the  A-segregate,  ae  pictured  in  Fig.  3  (c),  &ad  do 
not  rapieBent  portions  of  columnar  cryBtaUitefi  broken  oif  by  the 
atreain  and  subaeqnently  grown.  Ab  to  the  reason  why  the  A- 
wgragate  has  taken  this  form  it  can  only  be  conjectured  that,  even 
after  Bolidifioation  had  proceeded  for  a  little  while,  there  remained 
a  trace  of  the  original  pronounced  turbulence  caused  by  the  method 
td  wHiting — a  trace  sufficient  to  cause  slight  displacement  of  the 
■(ratified  liquid  inside  the  growing  shell. 

Bate  of  CrystaUimtion. 
An  attempt  was  made  to  obtain  information  on  the  change  in 
arystaUisationTelocity  during  the  process  of  solidification  from  astudy 
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of  the  primary  structure  of  the  1-in.  bar  QXZ.OB  illustrated  in  Fig.  29, 
The  method  adopted  relies  on  the  assumption  that  the  crystalli- 
aation  velocity  is  proportional  to  the  number  of  dendrites  per  unit 
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length  measured  parallel  to  the  mould  wall  and  to  the  number  of 
dendritic  branches  per  unit  length  along  the  dendritic  axes.  This  is 
an  arbitrary  assumption,  since  both  these  numbers  are  more  truly 
indicative  of  the  degree  of  undercooling  of  the  liquid  steel  at  the 
moment  of  solidification,  so  that  the  assumption  really  concerns 
the  dependence  of  rate  of  nuclei  formation  and  of  crystallisation 
velocity,  respectively,  upon  the  degree  of  undercooling. 

Coimts  of  the  dendrites  and  dendritic  branches  were  made  at 
^-in.  intervals  along  the  bar,  and  the  results  plotted  in  the  form 
of  curves  (Fig.  10).  There  is  also  included  in  this  diagram  a  curve 
showing  the  results  obtained  by  Matuschka^®^  in  his  experimental 
determination  of  the  solidification  velocity  in  9-in.  7-cwt.  ingots  of 
carbon  steel,  the  upper  curve  being  taken  from  Fig.  3  of  Matuschka's 
paper.  The  similarity  in  the  form  of  the  curves  suggests  that  there 
is  a  linear  relationship  between  the  degree  of  undercooling  experienced 
by  these  steels  and  their  crystallisation  velocity. 

A  rough  estimate  of  the  crystallisation  velocity  in  the  11 -in. 
ingots  may  be  obtained  from  Fig.  10,  if  it  is  assumed  that  the  time 
of  solidification  was  of  the  same  order  as  that  of  Matuschka*s  9-in. 
ingots — and  experience  with  the  stirred  ingot  QXY  shows  this  to 
be  so — and  the  necessary  allowance  is  made  for  the  difference  in 
size  of  the  ingots. 

Mechanism  of  the  Solidification  of  Steel  Ingots. 

Before  attempting  an  explanation  of  the  banded  structure  in  the 
stirred  ingot  QXY,  it  will  be  necessary  to  consider  the  conditions 
existing  during  the  solidification  of  an  ingot  allowed  to  cool  normally. 
One  factor  which  it  is  not  proposed  to  deal  with  here  is  the  com- 
position of  the  alloy.  The  infiuence  of  different  elements  upon 
the  crystallisation  of  iron  is  being  investigated ;  judging  from  the 
results  of  similar  work  on  copper,*^®^  it  is  to  be  expected  that  different 
elements  will  have  very  diflFerent  effects  upon  the  crystal  structure. 
Since  in  the  present  work  all  the  ingots  were  cast  from  the  same 
melt,  the  assumption  will  be  made  that  their  average  composition 
was  the  same.  Apart  from  the  question  of  turbulence  it  is  considered 
that  the  variation  in  the  crystal  structures  of  the  ingots  described 
in  this  paper  may  be  adequately  explained  simply  by  a  consideration 
of  concentration  gradients  and  the  distribution  of  temperature  in 
the  liquid. 

The  distribution  of  temperature  in  the  liquid  is  certainly  one  of 
the  principal  factors  to  be  taken  into  account.  Owing  to  the 
experimental  difficulties  involved  in  determining  temperatures 
inside  a  mass  of  solidifying  steel  no  direct  measurements  have  been 
made,  but  information  sufficiently  acciu'ate  for  our  purpose  is 
available  from  the  mathematical  investigations  of  Lightfoot  ^i^* 
and  from  the  experimental  work  of  Matuschka  *®^  and  of  Chipman 
and  Fon  Dersmith,^®*  who  studied  the  rate  of  solidification  of  steel 
ingots.    Lightfoot  calculated  the  temperature  gradient  in  an  ingot 
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and  mould  and  its  variation  with  time,  as  well  as  the  position  of  the 
sdid-liquid  boundary  at  different  intervals  of  time  and  with  different 
initial  mould  temperatures.  Although  the  conditions  for  which 
Lightfoot's  calculations  apply  are  somewhat  different  from  those 
existing  in  Chipman's  work,  the  experimental  results  of  the  latter 
plotted  on  Lightfoot's  diagram  give  a  similar  type  of  curve  to  that 
computed  mathematically.  The  actual  values  of  thickness  for 
given  times  are  rather  less  than  those  proposed  by  Lightfoot,  except 
in  the  case  of  a  mould  having  an  initial  temperature  in  the  neighbour- 
hood of  650^0.  The  theoretical  and  experimental  results  are 
reOToduced  on  the  same  diagram  in  Fig.  11.  Bearing  in  mind  the 
dmerence  in  the  two  sets  of  conditions,  the  computed  values  appear 
to  be  of  the  correct  order  and  form,  and  for  the  purposes  of  the 
present  discussion  the  inclusion  of  Lightfoot*s  results  is  considered 
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Fig.  11. — ^Temperature  Gradients,  as  determined  theoretically  and 

experimentally . 

to  be  justified,  since  the  argument  is  not  concerned  with  absolute 
values. 

A  portion  of  the  equilibrium  diagram  of  a  typical  alloy  is  shown 
in  Fig.  12.  A  direct  interpretation  of  this  diagram  at  an  early 
stage  of  solidification  permits  another  of  the  type  shown  in  Fig.  13 
to  be  constructed  in  which  composition  is  plotted  against  distance 
from  the  mould  face,  it  being  understood  that  perfect  chemical 
equilibriimi  is  not  established.  The  corresponding  temperature- 
distance  curve  giving  the  initial  temperature  of  solidification  is 
shown  in  Fig.  14.  In  accordance  with  the  constitutional  diagram 
the  layer  of  liquid  metal  adjacent  to  the  growing  crystal  is  richer 
in  the  lower-melting-point  constituent  even  under  equilibrium 
conditions.  In  the  absence  of  equilibrium  this  liquid  layer  is  likely 
to  have  a  composition  to  the  right  of  point  G  in  Fig.  12,  so  that  it  is 
quite  possible  for  the  dip  in  the  composition  line  for  the  liquid  in 
Fig.  13  to  drop  below  the  composition  line  C,  and  this  is  commonly 
observed  in  practice.    The  temperature  distribution  is  shown  in 
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Fig.  15  from  Lightfoot's  values.  The  important  feature  Hbown  by 
this  diagram  is  that  the  temperature  gradient  in  front  of  the  growins 
cryatale  flattens  out  with  increasing  distanoe  from  the  mould  vail 
and  with  inoreose  in  time  from  the  commencement  of  solidification. 
The  effect  of  this  on  the  manner  of  solidification  may  be  deter- 
mined by  Buperimpoeing  Fig.  15  on  Fig.  14  and  seeing  what  e£Feot 


—Part  of  E(|uilibrium 
Diagram  of  a  Typical 
Alloy. 


Yio.  13. — Variation  of  Compositiou 
of  Solidifying  Steel  with  Distance 
from  the  Mould  Wall. 


— Variation  of  Temperaturo 
of  Solidifying  Steel  with  DiBlance 
from  the  Mould  Wall. 

this  will  have  upon  the  procesB  illustrated  in  Fig.  13.  Explanations 
for  certain  of  the  atnictures  observed  in  steel  ingots  are  readiljc 
obtained  when  the  different  values  of  temperature  and  composition 
gradients  are  taken  into  account.  Typical  examples  may  be  con- 
sidered as  follows : 

Case  I. — When  the  conditions,  e.g.,  a  high  casting  tempera- 
ture and  moflsive  cold  mould,  are  such  as  to  ensure  the 
temperature  gradient  remaining  fairly  steep  throughout  the 
course  of  solidification.  In  this  instance  superimposii^  the 
appropriate  curve  from  Fig.  15  on  to  Figs.  14  and  13  gives  a 
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diagram  of  the  type  shown  in  Fig.  16  (a),  with  the  result  that 
the  crystal  structure  is  wholly  columnar  as  represented  in  Fig. 
16  (b). 

Case  II. — ^When  the  conditions  are  such  that  the  temperature 
gradient  is  steep  at  first  but  flattens  out  considerably  as 
solidification  proceeds ;  these  are  the  conditions  which  normally 
apply  to  the  fireezing  of  the  majority  of  steel  ingots  and  ingots 
oi  o&er  alloys.  Here  it  is  necessary  to  consider  two  diagrams, 
the  first  representing  the  early  period  when  the  temperature 
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Fio.  16. — Efifect  on  Ingot  Structuro  of  Steep  Tomporature  Gradient  during 

Solidification. 
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Fio.  17. — Effect  on  Ingot  Structure  of  Temperature  Gradient  originally 
steep  but  later  flattening  during  Solidifi(^ation. 


gradient  is  steep — this  will  be  similar  to  that  shown  in  Fig.  16 — 
and  the  second  representing  the  later  period  when  the  flattened 
temperature  gradient  crosses  the  initial  solidiflcation  tempera- 
ture curve  at  two  positions  simultaneously,  which  means  that 
solidification  can  occur  on  two  fronts  separated  momentarily 
by  a  layer,  possibly  discontinuous,  of  impure  liquid.  The  two 
stages  are  shown  in  Fig  17  (a)  and  (b).  Crystallisation  occurring 
independently  at  position  B  in  Fig.  17  (/>)  interrupts  the 
columnar  type  of  growth  as  at  (a).     In  certain  circumstances. 
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such  as  the  combination  of  a  very  steep  temperature  gradient 
and  one  or  more  constituents  of  low  diffusing  power,  this 
action  may  be  repeated  a  number  of  times  and  results  in  what 
have  been  termed  periodic  structures ;  ^^^^  in  such  cases  the 
interruptions  usually  occur  at  increasing  intervals  and  tend  to 
become  more  and  more  diffuse,  both  changes  being  due  to  the 
falling  oflF  in  the  temperature  gradient.  This  type  of  crystal- 
lisation is  illustrated  diagrammatically  in  Fig.  17  (c).  Normally, 
however,  and  with  a  less  steep  temperature  gradient,  the 
structure  sooner  or  later  ceases  to  be  columnar,  and  solidification 
of  the  remaining  liquid  occurs  in  the  equi-axial  or  nodular 
manner  as  explained  in  case  III.  below.  The  final  structure 
then  consists  partly  of  columnar  crystals  and  partly  of  equi- 
axial  crystals,  as  shown  diagrammatically  in  Fig.  17  (d).  It  is 
not  uncommon,  especially  in  steel  ingots,  for  the  structiu^s 
illustrated  in  Figs.  17  (c)  and  (d)  to  be  combined ;  in  this  instance 
the  periodic  structure  represented  in  Fig.  17  (c)  usually  develops 
in  the  early  stages  of  the  columnar  growth  shown  in  Fig.  17  (rf). 
Examples  will  be  observed  in  Figs.  28  and  29. 

Ctise  III. — When  the  conditions  are  such  that  the  tempera- 
ture gradient  remains  fairly  flat  throughout  the  solidification 
period,  as,  for  example,  when  the  mould  temperature  approaches 
the  solidification  temperature  of  the  liquid  or  when  a  refractory 
non-conducting  mould  material  is  employed;  the  sand-cast 
ingot  QXW  comes  into  this  category.  In  quiet  liquid  steel,  a 
fairly  flat  temperature  gradient  and  a  non-uniform  composition 
of  the  liquid  in  front  of  the  growing  crystals  lead  to  independent 
solidification  occurring  repeatedly  in  the  liquid  beyond  that 
adjacent  to  the  already  solidified  material.  The  state  of  aflkirs 
is  illustrated  diagrammatically  by  Fig.  18,  in  which  the 
temperature  conditions  are  represented  at  (a),  the  composition 
at  (6)  and  the  resulting  structure,  mainly  equi-axial,  at  (c). 
A  further  point  to  b6  mentioned  is  that  with  an  almost  flat 
temperature  gradient  in  a  direction  perpendicular  to  the  mould 
wall  there  is  little  difference  between  this  gradient  and  the 
temperature  gradient  parallel  to  the  mould  wall,  so  that  there 
is  ample  opportunity  for  side  growth  of  the  crystals  to  occur, 
as  is  shown  in  the  sand-cast  ingot  QXW, 

According  to  this  scheme  it  will  be  seen  that  the  process  of 
equi-axial  solidification  is  not  one  of  a  perfectly  steady  and  con- 
tinuous growth  away  from  the  mould  wall,  but,  on  the  contrary, 
is  rather  a  discontinuous  process.  This  type  of  crystallisation 
applies  also  to  the  equi-axial  part  of  the  structure  of  ordinary 
ingots  which  consist  partly  of  columnar  and  partly  of  equi-axial 
crystals  as  considered  in  case  II.  above  and  shown  in  Fig.  17  (d). 

It  should  be  mentioned  that  &fine  equi-axial  structure  may  result 
by  *'  shower  '*  crystallisation  from  the  labile  state,  but,  possibly 
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apart  from  the  thin  layer  of  *'  chill "  crystals  forming  the  outer 
skin  of  most  chill-cast  steel  ingots,  it  is  not  consider^  that  this 
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Fio.  18. — Effect  on  Ingot  Structure  of  Flat  Temperature  Gradient  during 

Solidification. 

type  of  crystallisation  plays  any  important  part  in  the  structure  of 
ordinary  steel  ingots. 

Banding  in  the  Stirred  Ingot  QXY. 

Having  considered  the  process  of  solidification  in  general  terms, 
it  is  now  possible  to  turn  to  the  particular  structure  of  the  poker- 
stirred  ingot  QX  Y  which  is  characterised  by  a  number  of  concentric 
bands  approximately  parallel  to  the  mould  wall.  Owing  to  the 
rapid  heating  and  softening  effect  of  the  liquid  steel  upon  the 
stirrer,  it  was  not  practicable  to  carry  out  the  stirring  operation 
with  one  and  the  same  poker  and,  as  a  matter  of  fact,  six  pokers  were 
used.  The  dimensions  were  approximately  7  ft.  in  length  and  \  in. 
in  dia.  Each  was  taken  out  and  discarded  when  it  was  devoid  of 
mechanical  strength  for  the  stirring  action,  by  which  time  small 
portions  had  broken  off  from  the  bottom  owing  to  incipient  melting. 

Consider  now  the  effect  of  the  stirrers  on  the  distribution  of 
temperature  in  the  liquid  steel.  Each  time  a  cold  stirrer  was 
inserted  the  temperature  of  the  liquid  must  have  been  lowered. 
The  drop  in  temperature  would  not  be  uniform  throughout  but 
would  reach  a  maximum  in  the  liquid  first  in  contact  with  the 
stirrer.  Here  the  temperature  drop  was  sufficient  to  bring  a  small 
mass  of  metal  below  the  freezing  point  so  that  some  of  the  steel 
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froze  on  to  the  stirrer ;  &rther  away  the  reduction  in  temperature 
would  be  much  less. 

When  the  general  effect  on  the  temperature  distribution  curve 
is  considered  it  will  be  seen  that  two  possibilities  may  occur,  depending 
upon  the  relative  position  of  this  curve  to  that  representing  the 
initial  temperature  of  solidification.  At  fairly  large  distances  fit>m 
the  stirrer  the  two  curves  may  meet  at  some  position  away  from  the 
already  solidified  metal ;  the  effect  will  then  be  as  shown  in  Fig.  17 
(6),  where  a  band  of  independent  'pfwrtr  crystals  forms  in  the  liquid. 
Near  the  stirrer  the  temperature  curve  will  be  still  more  deflected 
and  the  two  curves  may  be  in  contact  over  a  certain  distance 
from  the  solid  as  in  Fig.  19.  This  leads  to  the  sudden  solidification 
of  the  less  pure  liquid  adjacent  to  the  earlier  formed  solid,  so  that 


Fig.  1 9. — Ingot  QX  F,  Influence  of  Stirring  on  Tonip>orature  Distribution. 


the  structure  will  be  characterised  by  an  impure  band.     Both  types 
are  found  in  the  stirred  ingot. 

It  may  be  thought  that  where  the  process  is  repeated  a  number  of 
times  it  would  be  difficult  to  decide  whether  a  pure  or  an  impure 
band  had  been  suddenly  solidified.  Actually  this  is  not  so  because 
in  most  examples  of  these  banded  structures  there  is  a  sharp  de- 
marcation between  pure  and  impure  metal  on  only  one  side  of  the 
bands,  and  this  defines  the  position  at  which  a  sudden  change  in 
the  mode  of  crystallisation  occurs.  Reference  to  Figs.  26  and  39 
shows  that  in  the  coarse  banding  of  the  stirred  ingot  the  sharp 
demarcation  between  pure  and  impure  material  occurs  with  the 
impure  on  the  inside  away  from  the  mould  wall,  so  that  the  conditions 
shown  in  Fig.  19  apply.  Evidence  of  the  relative  purities  of  the 
two  portions  of  several  of  the  bands  is  given  in  Table  VIII.  and  Fig. 
39  (b)  and  (c). 
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That  there  are  more  than  six  bands  at  the  top  of  the  ingot  is  to 
be  expected  when  it  is  remembered  that  the  poker  was  moved  up 
and  down  rather  than  round  and  round.  The  upper  part  of  the 
poker  cooled  slightly  each  time  it  was  removed  from  the  melt  and 
exerted  a  slight  cooling  effect  when  it  was  re-inserted  into  the  melt. 
The  main  chilling  action  of  the  lower  part  of  the  poker,  however, 
was  only  exerted  when  the  poker  was  originally  inserted,  so  that  the 
number  of  bands  in  the  lower  half  or  so  of  the  ingot  corresponds 
with  the  number  of  pokers  used.  It  is  assumed  that  the  rather  more 
pronoimced  nature  of  the  banding  on  one  side  of  the  ingot  is  due  to 
the  fact  that  this  side  was  nearer  the  man  who  inserted  the  stirrer. 


Summary  and  Conclusions. 

Seven  15-cwt.  killed  steel  ingots  have  been  cast  from  the  same 
melt  by  different  methods  to  determine  the  influence  of  turbulence. 
The  methods  employed  involved  :  (I)  Bottom  casting,  (2)  top 
casting,  a  single  stream  down  the  centre  of  the  mould,  (3)  the  use  of  a 
multi-hole  tundish,  (4)  a  sand  mould  with  a  single  stream,  (5)  a 
single  stream  near  one  side  of  the  mould,  (6)  top  casting  with  a 
single  stream,  stirring  with  a  poker  after  casting,  and  (7)  casting 
with  a  sloping  mould.  Information  on  the  turbulent  conditions 
occurring  with  these  methods  was  also  obtained  by  casting  under 
similar  conditions  a  series  of  small  composite  alloy  ingots  composed 
of  a  red  alloy  and  a  white  alloy.  Axial  slices  of  the  steel  ingots 
were  examined  for  chemical  segregation,  crystal  structure  and 
mechanical  proi)erties.  Some  of  the  results  obtained  may  be 
summarised  thus  : 

(1)  The  casting  method  offering  least  turbulence  was  the  one 
using  the  multi-hole  tundish.  In  order  of  increasing  turbulence 
this  was  followed  by  bottom  casting,  top-casting  with  a  single 
stream  down  the  centre,  with  a  tilted  mould,  with  a  single  stream 
near  one  side  of  the  mould  and  the  poker-stirred  methods. 

(2)  The  structure  of  the  tilted-mould  ingot  was  very  unsymmetri- 
cal ;  the  lower  side  down  which  the  stream  was  poured  was  composed 
of  small  equi-axial  crystals  whilst  large  columnar  crystals  grew  from 
the  opposite  face. 

(3)  The  poker-stirred  ingot  showed  a  pronounced  banded  struc- 
ture, the  bands  being  approximately  parallel  to  the  mould  wall  and 
extending  almost  to  the  middle  of  the  ingot. 

(4)  The  sand-mould  ingot  was  characterised  by  excessive  piping, 
owing  partly  to  the  penetration  of  the  first-formed  skin  by  the  liquid 
on  the  inside,  a  coarse  primary  crystal  structure  and  pronounced 
A -segregation. 

(5)  The  ingot  cast  with  a  single  stream  near  one  side  of  the  mould 
showed  a  patchy  form  of  A -segregate. 

(6)  In  general  the   A-segregate   showed   a  strongly   dendritic 
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structure  as  comparod  with  the  nodular  structure  of  the  purer 
metal  on  either  side  of  the  s^regate. 

(7)  Measurements  were  made  of  the  columnar  crystal  length 
and  orientation  in  the  different  ingots.  Most  of  the  columnar 
crystals  were  inclined  at  a  small  angle  to  the  normal  to  the  mould 
face.  The  inclination  direction,  which  may  be  either  downwards 
or  upwards,  was  towards  that  from  which  the  liquid  steel  flowed 
along  the  mould  face.  The  subject  is  discussed  from  the  stand- 
point of  the  effect  of  metal  flow  upon  the  isothermals  near  the 
mould.  The  length  of  the  columnar  crystals  was  less  the  greater 
the  turbulence  during  casting. 

(8)  The  inherent  grain  size  as  determined  by  the  McQuaid-Ehn 
test  did  not  appear  to  be  affected  by  the  method  of  casting  or  by  the 
primary  structure. 

(9)  The  mechanical  properties  of  samples  cut  from  the  chill-cast 
ingots  were  more  affected  by  the  position  in  the  ingot  from  which 
the  test-pieces  were  cut  than  by  the  particular  ingot.  The  properties 
of  the  sand-cast  ingot  were  somewhat  inferior. 

(10)  There  is  reason  to  believe  that  under  completely  non- 
turbulent  conditions  of  casting,  the  primary  structure  of  the  ingots 
would  have  been  almost  wholly  columnar. 

(11)  The  distribution  of  the  carbon  and  other  elements  is  in- 
fluenced by  the  method  of  casting,  in  particular  by  those  processes 
making  use  of  a  non-axial  stream. 

Explanations  have  been  put  forward  for  certain  of  the  ingot 
structures  observed  based  upon  the  influence  of  turbulence,  con- 
centration gradients  and  distribution  of  temperature,  and  the  mode 
of  steel  ingot  solidiflcation  has  been  discussed. 
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COEEESPONDENCE. 

Dr.  C.  H.  Dbsch,  F.R.S.  (Vice-President;  Iron  and  Steel 
Industrial  Research  Council,  London),  wrote  that  the  paper  gave 
interesting  information  as  to  the  effects  of  turbulence  in  determining 
ingot  structure.  It  was  highly  probable  that,  as  found  by  the 
writer  and  Dr.  Heggie  in  experiments  with  small  ingots,  if  turbulence 
were  entirely  excluded  the  structure  would  be  wholly  columnar. 
On  p.  60  p  attention  was  called  to  the  sharp  change  from  the  den- 
dritic structure  of  the  A-segregates  to  the  nodular  structure  im- 
mediately adjoining.  In  the  "Atlaa  Metallographicus "  of  Hane- 
mann  and  Schrader,  Fig.  184  appeared  to  show  a  similar  sharp 
transition,  although  those  authors  had  not  attempted  to  connect 
the  change  with  segregation. 

The  account  of  the  convection  currents  and  of  their  influence 
on  the  direction  of  the  dendrites  was  ingenious,  and  appeared  to 
fit  the  facts.  It  should  be  emphasised  that  the  bending  of  dendrites 
was  almost  always  only  an  apparent  one,  and  that  the  deviation 
from  a  single  direction  was  due  to  unsymmetrical  additions,  the 
crystal    orientation    remaining    constant.    The    conclusion    that 

E articles  broken  oflF  from  the  dendrites  were  the  origin  of  the  nuclei 
•om  which  the  equi-axed  crystals  grew  was  shown  to  be  unlikely. 
In  view  of  the  plasticity  of  steel  near  its  melting  point  and  the 
support  given  to  the  crystals  by  the  surrounding  liquid,  it  was 
improbable  that  brittle  fracture  would  occur.  The  factors  which 
determined  equi-axial  crystallisation  had  never  been  satisfactorily 
ascertained.  If  substantial  undercooling  could  be  assumed,  it 
might  be  supposed  that  the  labile  range  was  reached  locally,  but 
this  seemed  improbable.  Undercooling  of  molten  metals  had  been 
first  measured  by  Roberts- Austen,^  and  could  be  easily  produced 
in  small  laboratory  melts,  but  the  writer  had  failed  to  detect  it  in 
large  masses  of  lead,  and  Bardenheuer  ^  had  found  for  steel  that  a 
small  mass,  separated  from  the  walls  of  the  crucible  by  molten 
slag,  could  be  undercooled  200°  C.  or  more,  but  that  this  did  not 
occur  if  the  metal  came  into  contact  with  the  rough  wall,  and  no 
measurable  undercooling  was  obtained  with  large  masses.  Theory 
required  that  there  should  be  some  undercooling  before  crystallisa- 
tion could  begin,  but  this  might  be  only  of  the  order  of  a  fraction 
of  a  degree.  The  author's  conclusion  that  **  shower  "  crystallisa- 
tion in  the  labile  range  was  only  likely  in  the  chill-crystal  layer, 
and  was  improbable  in  the  interior,  was  almost  certainly  correct. 
It  would  need  further  direct  evidence  of  temperature  gradients 

^  W.  C.  Roberts- A  listen,  Proceedings  of  the  Royal  Society,  1898,  vol.  63, 
p.  447. 

*  P.  Bardenheuer  and  R.  Blerkmann,  Stahl  und  Eisen,  1941,  vol.  61,  p.  49. 
Karlier  oxperimonts  by  the  same  authors  were  given  in  Mitteilungen  aua  dem 
Kaiser-WUhelni'InatitiU  far  Eisenforschung,  1939,  vol.  21,  p.  201. 
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before  Figs.  13  to  18  could  be  accepted  as  a  true  picture  of  the 
processes  of  solidification,  but  they  at  least  presented  a  ba^is  for 
discussion,  and  the  paper  was  a  substantial  contribution  to  the 
knowledge  of  ingot  structure. 


AUTHORS  REPLY. 


Dr.  NoBTHCOTT,  in  reply,  wrote  that  Dr.  Desch's  contribution 
was  read  with  much  interest  and  it  was  a  pleasing  to  know  that  he 
concurred  in  the  general  conclusions  put  forward.  It  was  admitted 
that  further  work  on  the  extent  of  undercooling  was  required  and 
the  author  hoped  to  study  this  problem  when  conditions  allowed. 
Experiments  carried  out  since  the  paper  was  written  would  appear 
to  suggest  that  the  degree  of  undercooling  possible  with  large 
masses  might  be  greater  than  that  suggested  by  Bardenheuer  and 
Bleckmann,  but  the  direct  measurement  of  local  undercooling  was 
extremely  difficult. 
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INTERCRYSTALLINE  CRACKING  IN 

BOILER  PLATES.i 

A  Report  raoM  THE  NATIONAL  PHYSICAL  LABORATORY 

(Teddinoton). 

(FIgt.  6  to  ao  »  Platw  xn.  to  XIV.) 
(F1p.a6  to  60-  Platw  XV.  to  XVm.) 
(Ftp.  51  to  56  -  Platw  XDL  and  XX.) 
(Flp.68  to  74-  PlatM  XXL  to  XXVn.) 

SUMMABY. 

Previous  work  having  shown  that  in  the  absence  of  corrosive 
attcK^k  no  cracks  are  formed  in  boiler-plate  steel  specimens  kept 
under  tension  for  5  years,  even  when  concentrations  of  stress  are 
present,  various  combinations  of  stress  and  exposure  to  caustic 
solutions  have  been  investigated.  Part  I.  is  cm  introductory  survey 
of  the  subject.  Part  II.  describes  en)eriments  in  which  specimens, 
with  or  without  notches  or  drilled  holes,  were  kept  under  tension  in 
concentrated  sodium  hydroxide  solution  at  225^  C.  An  electrically 
heated  pressure  vessel  was  used,  with  special  devices  for  maintaining 
constant  temperature  cmd  stress,  cmd  for  indicating  the  onset  of 
cracking.  The  typical  form  of  intercrystalline  crack  wets  not 
obtained,  but  in  regions  of  concentrated  stress  breakdown  weus 
caused  by  the  growth  of  non-metallic  inclusions.  Heavily  cold- 
worked  steel  resisted  better  than  annealed  material.  The  black 
ma^etic  oxide  formed  had  the  composition  Fefi^, 

In  Part  III.  experiments  under  pressmre  at  temperatures  up  to 
470^  C.  are  described.  Using  small  pressure  bombs,  intercrystalline 
cracking  was  found  in  boiler-plate  steel  immersed  in  a  solution  of 
pure  sodium  hydroxide  at  310°  C.  Decarburisation  occurred,  the 
carbon  being  removed  as  methane.  In  other  experiments  the  steel 
specimens  and  the  solution  were  enclosed  in  a  steel  pressure  vessel 
lined  with  silver.  Under  these  conditions,  no  intercrystalline  cracks 
were  formed  in  annealed  material  at  410°  C,  but  if  the  steel  was 
cold-worked,  cracks  similar  to  those  produced  by  hydrogen  at  high 
temperatures  were  formed.  With  highly  concentrated  caustic 
solutions  intercrystalline  cracks  penetrating  from  the  siuface 
became  filled  with  oxide.  Experiments  with  powdered-silver  filters 
showed  that  masses  of  oxide  could  be  precipitated  at  a  distance  from 
the  specimen,  and  this  may  contribute  to  the  cracking  of  boilers,  by 
sealing  cavities  and  allowing  a  pressure  of  hydrogen  to  be  built  up. 
Pure  iron  developed  cracks  of  the  oxide  type.  Sodium  sulphate  m 
solution  did  not  inhibit  cracking.  Some  alloys  of  iron  were  also 
examined. 

In  Part  IV.  observations  of  strain-etching  in  acid  open-hecuth 
boiler-plate  steel  are  described.  Such  markings  are  usually  found 
only  in  basic  steel.  They  were  not  produced  in  plates  wluch  had 
been  deformed  cold,  but  were  founa  in  material  which  had  been 
bent  at  100°  C,  and  also  in  a  rolled  plate  which  had  presumably  been 
finished  at  a  low  temperatmre.  They  coincided  with  the  stress  lines 
found  by  magnetic  testing,  and  with  the  directions  of  cracking  in  a 
marine  boiler  plate  which  had  developed  corrosion  cracks  in  service. 

*  Received  February  14,  1941. 
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Part  V.  doscribos  the  behaviour  of  specimens  of  boiler-plate  steel 
and  of  both  riveted  and  welded  joints  in  the  same  material,  when 
subjected  to  slow  cycles  of  alternating  bending  stress  while  immersed 
in  a  boiling  solution  of  sodium  hydroxide.  A  machine  taking  plates 
2  ft.  3  in.  long,  }  in.  thick,  and  up  to  12  in.  wide  (for  riveted  joints) 
was  constructed.  When  failure  occurred,  it  was  due  to  corrosion- 
fatigue  and  the  cracks  were  transcrystalline.  The  typical  caustic 
cracking  was  thus  not  obtained,  but  the  cracks  observed  closely 
resembled  certain  defects  found  in  boilers  as  the  result  of  service. 


Part  I. — Introduction. 

By  C.  H.  DESCH,!  D.Sc,  F.R.S.  (London). 

The  typo  of  failure  in  boilers  which  is  commonly  known  as  "  caustic 
cracking "  is  characterised  by  the  intercrystalline  path  of  the 
cracks.  The  term  "  caustic  embrittlement  "  which  has  often  been 
used  is  incorrect,  as  the  steel  between  the  cracks  may  remain 
quite  ductile.  It  is  most  common  at  riveted  joints,  especially  at 
rivet  holes  under  butt  straps,  and  often  extends  along  a  joint 
through  a  number  of  rivets.  It  is  not  found  in  seamless  or  welded 
drums,  except  occasionally  around  fittings.  The  cracks  are  as  a 
rule  easily  distinguishable  from  fatigue  cracks  and  from  grooving 
caused  by  acid  corrosion. 

The  work  of  Parr  and  Straub  at  the  University  of  Illinois,  the 
first  report  on  which  was  issued  in  1917,  established  the  main 
features.  The  attention  of  those  authors  had  been  drawn  to  the 
subject  by  the  failure  of  boilers  at  the  University,  after  the  working 
pressure  had  been  somewhat  increased  and  the  boilers  worked 
more  continuously.  The  water  of  Urbana,  where  the  University 
is  situated,  contained  60-70  parts  per  miUion  of  sodium  carbonate, 
sulphates  being  practically  absent.  As  the  water  contained  calcium 
salts,  it  was  clear  that  the  salts  must  be  present  as  bicarbonates, 
and  enquiry  showed  that  numerous  other  boilers  in  America  of 
which  failure  had  been  recorded  had  been  fed  with  water  of  this 
unusual  type.  Such  a  supply  does  not  cause  scaling,  as  carbon 
dioxide  is  lost  during  heating,  and  the  sodium  carbonate  which 
remains  precipitates  calcium  carbonate  in  a  flocculent  form,  so 
that  the  water  is  described  as  "  self-purging." 

It  was  known  that  sodium  hydroxide  could  act  on  iron,  liberat- 
ing hydrogen,  and  a  possible  relation  to  **  pickling  brittleness  " 
was  suspected.  Appreciable  damage  to  steel  by  sodium  hydroxide 
was,  however,  only  foimd  when  the  concentration  of  the  alkali 
became  high,  especially  when  it  was  30%  or  more,  a  figure  far  in 
excess  of  anything  possible  in  the  interior  of  a  boiler.  An  ingenious 
explanation  was  put  forward  by  Parr  and  Straub  to  account  for 
this.     The  usual  site  of  the  cracks  is  where  butt  straps  are  attached 
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to  tho  shell  by  rivets.  It  was  supposed  that  slight  leakage  could 
occur  between  the  plates  and  the  strap,  and  also  around  the  rivets, 
and  that,  owing  to  evaporation  of  water  at  the  surface,  a  high 
concentration  of  dissolved  salts,  in  this  case  largely  alkali,  could 
occur.  Laboratory  experiments  showed  that  such  concentrations 
could  actually  be  produced  by  evaporation  in  capillary  spaces. 
(Subsequent  experiments  which  were  claimed  to  disprove  this 
possibility  really  failed  to  reproduce  the  conditions.)  It  is  possible 
that  concentration  of  dissolved  salts  may  occur  in  the  crevices  of 
a  boiler  even  in  the  absence  of  leakage.  The  fact  must  be  regarded 
as  established,  and  when  a  cracked  boiler  is  dismantled,  strongly 
alkaline  incrustations  can  usually  be  found  between  the  plates  and 
around  the  rivets. 

It  also  appeared  that  the  steel  must  be  in  a  stressed  condition 
for  damage  to  occur,  and  laboratory  experiments  indicated  that 
the  stress  must  have  exceeded  the  yield  point.  This  appeared  to 
be  confirmed  by  practical  experience.  Bad  workmanship,  repre- 
sented by  bad  alignment  of  rivet  holes,  so  that  force  had  to  be 
used  to  bring  them  opposite  to  one  another,  or  by  lack  of  parallelism 
between  the  edges  of  the  plates,  necessitating  heavy  caulking,  as 
well  as  excessive  riveting  pressure,  have  been  found  to  increase 
the  probability  of  cracking,  although  there  is  no  evidence  that  they 
will  cause  failure  in  the  absence  of  the  chemical  conditions.  Of 
course,  cracking  may  be  produced  by  mechanically  defective  joints 
in  the  absence  of  alkali,  but  the  cracks  are  then  of  a  different  type. 
With  intermittent  working,  failure  may  occur  even  at  well  made 
joints. 

The  reports  of  Parr  and  Straub  have  been  the  starting  point 
of  much  other  research  work,  and  their  main  conclusions  have  been 
confirmed.  German  work,  which  was  undertaken  in  consequence 
of  a  disastrous  boiler  explosion  in  1920,  leading  to  the  formation 
of  the  Vereinigung  der  Grosskesselbesitzer,  at  first  followed  a 
different  path.  The  quality  of  the  steel  was  held  to  be  responsible, 
but  on  replacing  by  plates  of  known  good  quality  cracking  again 
occurred.  The  tendency  of  much  of  the  German  work,  which  for 
some  time  ignored  the  work  of  Parr  and  Straub,  was  to  lay  stress 
on  processes  of  ageing  in  the  steel  when  kept  at  temperatures  of 
200°  C.  or  upwards.  The  Izett  non-ageing  steel  was  therefore 
expected  to  be  immune;  but  when  tested  under  the  American 
conditions  it  failed  in  the  same  way  as  ordinary  mild  steel.  Later 
investigations  have  come  more  into  line  with  those  of  other  countries. 

Certain  other  forms  of  intercrystalline  cracking  familiar  to  the 
chemical  industry  are  evidently  related  to  this  type  of  boiler  crack- 
ing. Steel  vessels  in  which  solutions  of  caustic  soda  are  concen- 
trated under  atmospheric  pressure  frequently  crack,  especially  at 
riveted  joints,  whilst  the  cracking  of  pans  containing  solutions  of 
nitrates,  especially  ammonium  nitrate,  is  well  known.  In  both 
cases  the  cracks  pass  between  the  crystal  grains. 
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The  important  work  of  Stromeyer  on  boiler  steels  must  be 
mentioned.  In  a  series  of  reports  to  the  Manchester  Steam  Users' 
Association,  he  described  many  observations  on  boilers  in  service 
and  also  attempted  to  reproduce  the  conditions  causing  cracking  in 
the  laboratory.  In  one  series  of  experiments,  he  trepanned  ringe 
out  of  boiler  plate,  and  made  them  slightly  taper,  so  that  ons 
could  enclose  another  with  a  driving  fit,  the  outer  ring  then  being 
in  tension  and  the  inner  in  compression.  These  were  then  heated 
for  three  months  in  sodium  hydroxide  solution,  of  much  lower 
concentration  than  that  described  above,  and  at  atmospheric 
pressure.  On  sawing  specimens  from  the  rings  and  attempting  to 
bend  them,  strips  from  the  rings  in  tension  were  found  to  be  highly 
brittle,  and  they  retained  this  brittleness  years  later,  while  those  from 
the  inner  rings,  or  from  unstressed  steel  exposed  to  the  same  solu- 
tion, could  be  bent  double.  This  result  pointed  to  the  importance 
of  tensile  stress  in  producing  brittleness,  although  it  was  not  shown 
that  this  was  identical  with  caustic  cracking. 

Stromeyer  attached  great  importance  to  the  quaUty  of  the 
steel  and  associated  the  liability  to  crack  more  particularly  with 
the  presence  of  nitrogen,  having  observed  that  basic  Bessemer 
steel,  which  contains  more  nitrogen  than  other  varieties,  otfered 
the  least  resistance.  Many  failures  have,  however,  been  recorded 
where  the  material  was  of  acid  open-hearth  quahty. 

The  conclusion  of  Parr  and  Straub,  that  the  alkalinity  of  the 
boiler  water  is  an  essential  factor,  has  been  amply  confirmed. 
Besides  naturally  alkaline  waters,  many  water  supplies  are  rendered 
alkaline  in  the  course  of  softening  treatments. 

In  recent  years  serious  failures  in  power  stations  have  been 
reported,  in  some  instances  resulting  in  disastrous  explosions.  In 
aU  these  cases  the  water  had  received  alkaline  treatment.  The 
likelihood  of  failure  increases  with  the  working  pressure  and  with 
the  age  of  the  boiler,  but  some  very  remarkable  failures  have 
occurred  very  early  in  the  life  of  boilers,  even  after  a  few  months. 
Most  of  the  failures  have  occurred  in  power  stations,  but  marine 
boilers  have  also  been  known  to  suffer  from  this  cause,  although 
less  frequently.  Lloyd's  Register  has  reported  eight  cases,  and  its 
officers  suggested  that  any  appearance  of  broken  rivets  must  be 
looked  on  with  grave  suspicion.  The  rarity  of  the  defect  in  marine 
boilers  may  possibly  be  connected  with  the  presence  of  sea  water, 
which  increases  ordinary  corrosion,  but  may  act  as  an  inhibitor 
in  this  form  of  attack.  The  power-station  accidents  have  often 
been  very  serious,  because  when  one  out  of  a  number  of  boilers  is 
found  to  have  cracked,  an  inspection  of  its  neighbours  usually 
reveals  that  they  are  also  cracked,  although  the  damage  has  not 
become  obvious,  and  renewal  of  the  whole  set  becomes  necessary. 

The  work  of  the  National  Physical  Laboratory  on  this  subject 
dates  from  1917,  and  Rosenhain  and  Hanson  gave  an  account  in 
1920  of  several  instances  of  intercrystalline  cracking  in  boilers. 
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associating  the  effect  with  corrosion  of  an  undetermined  type, 
combined  with  the  action  of  stress  on  the  •  amorphous  cement 
existing  between  the  crystal  grains.  In  the  same  paper,  the 
cracking  of  a  steel  tube  which  had  been  in  use  in  a  bath  of  fused 
nitrates  at  300°  C,  without  applied  stress,  was  described,  and  the 
similarity  between  the  two  cases  was  indicated.  Experiments 
were  undertaken  at  a  later  date  with  the  object  of  examining,  one 
by  one,  the  factors  which  might  conceivably  bring  about  inter- 
crystaUine  cracking.  The  possibility  had  been  considered  that  an 
amorphous  layer  between  the  crystals,  if  present,  might  flow  under 
prolonged  stress,  so  producing  intercrystalline  rupture  as  an  effect 
of  stress  and  time  alone.  With  the  object  of  settling  this  point, 
test-pieces  of  mild  steel  were  loaded  to  one-third,  one-half  and 
two-thirds  of  their  normal  breaking  load  in  an  oven  kept  at  300°  C. 
in  an  atmosphere  of  dry  air.  After  five  years  of  exposure  none  of 
the  specimens  had  developed  cracks,  and  only  the  most  heavily 
loaded  showed  any  appreciable  extension.  There  was  some  per- 
manent hardening,  and  it  seemed  possible  that  a  different  result 
might  be  obtained  if  there  were  local  concentrations  of  stress. 
Another  series  of  specimens,  some  with  lateral  notches  and  others 
with  drilled  holes,  was  exposed  in  the  same  way.  The  results 
were  again  completely  negative,  none  of  the  specimens  cracking, 
and  it  followed  that  in  the  absence  of  chemical  attack  intercrys- 
talline failure  would  not  occur  at  300°  C.  as  the  result  of  stress 
alone. 

As  boilers  in  use  are  subject  to  "  breathing  "  and  during  inter- 
mittent working  bending  stresses  are  imposed  and  removed  from 
time  to  time,  experiments  were  also  put  in  hand  to  ascertain 
whether  repeated  bending  in  water  or  in  various  solutions  could 
bring  about  cracking.  Bars  of  boiler-plate  steel  were  tested  in 
water,  air,  salt  solution  and  sodium  hydroxide  solution,  being  bent 
beyond  the  elastic  limit  at  regular  intervals  and  the  number  of 
bends  needed  to  break  the  bar  being  noted.  The  intervals  between 
successive  bends  were  varied  in  an  attempt  to  simulate  conditions 
in  a  boiler,  but  at  atmospheric  temperature,  and  although  the  hfe 
of  the  specimens  was  found  to  be  shorter  than  when  tested  similarly 
in  air,  in  no  case  was  there  any  sign  of  intercrystalline  cracking. 
On  repeating  the  experiments  in  air  up  to  200°  C.  and  in  the  liquid 
baths  at  100°  C,  the  number  of  bends  which  the  steel  would  with- 
stand was  further  reduced,  but  no  numerical  difference  was  found 
in  the  several  solutions,  although  the  type  of  chemical  attack  in 
sodium  hydroxide  was  clearly  different  from  that  in  water.  Again 
there  was  no  indication  of  intercrystalline  cracking. 

These  negative  results  suggested  further  lines  of  investigation. 
Some  boiler  failures  which  had  been  reported  showed  the  character- 
istics of  corrosion -fatigue,  the  cracks  starting  from  corrosion  pits, 
and  this  aspect  of  the  problem  had  been  given  prominence  by 
McAdam.  The  breathing  and  "  letting-down  "  of  a  boiler  produce 
1941— i  H 
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cycles  of  stress  which  might  combine  with  the  chemical  action  of 
the  caustic  solution  to  produce  typical  corrosion-fatigue.  In  order 
to  tost  this  possibility,  experiments  were  devised  in  the  Engineering 
Department.  For  the  sake  of  convenience,  alternating  bending 
stresses  were  employed.  Plain  boiler-steel  plates,  }  in.  and  |  in. 
thick,  and  also  both  riveted  and  butt-welded  joints  in  |-in.  plate, 
were  taken  for  testing,  and  stresses  up  to  a  nominal  ran^e  of  20  tons 
per  sq.  in.  were  applied.  The  experiments,  being  conducted  in  an 
open  tank,  were  necessarily  confined  to  atmospheric  pressure,  the 
plates  being  completely  immersed.  The  concQtions  for  the  con- 
centration of  sodium  hydroxide  in  the  riveted  seajns  wore  therefore 
not  present,  and  the  joints  had  been  carefully  made,  avoiding 
distortion  in  the  neighbourhood  of  the  rivets.  The  conditions 
wore  thus  less  drastic  than  in  an  industrial  boiler. 

Typical  corrosion -fatigue  failures  were  produced  in  this  apparatus 
similar  to  some  which  have  been  found  in  service,  but  microscopical 
examination  showed  that  the  cracks  were  not  intercr3n3tamne. 
Corrosion-fatigue,  which  had  been  invoked  by  some  writers  as  the 
cause  of  caiistic  cracking,  may  therefore  be  ruled  out  in  this  con- 
nection, although  it  may  cause  failure  under  other  conditions.  It 
is  more  likely  to  occur  when  the  water  contains  free  carbon  dioxide, 
but  the  present  report  shows  that  it  is  not  prevented  by  the  presence 
of  even  a  concentrated  solution  of  caustic  alkali. 

In  the  course  of  these  experiments,  steel  which  had  been  de- 
formed at  100°  C.  was  found  to  show  strain-etching  when  sections 
were  polished  and  treated  with  a  suitable  reagent.  Such  strain- 
etching  lines,  which  indicate  regions  of  local  deformation,  are  well 
known  in  plates  of  basic  Bessemer  steel,  but  are  not  usually  found 
in  acid  open-hearth  material,  such  as  was  used  in  this  investigation. 
The  markings  were  not  found  when  the  same  steel  was  deformed 
at  atmospheric  temperature.  Polished  specimens,  magnetised  and 
treated  with  a  magnetic  powder  in  suspension,  showed  that  the 
magnetic  stress  lines  coincided  with  those  produced  by  etching.  A 
plate  from  a  marine  boiler  which  had  developed  a  corrosion  defect 
in  service,  leading  to  a  local  concentration  of  stress,  showed  strain- 
etching  markings  corresponding  with  the  distribution  of  stress 
around  the  defect. 

Another  series  of  experiments,  designed  to  test  the  effect  of 
static  stress  on  steel  specimens  immersed  in  concentrated  sodium 
livdroxide  solution  at  225-250°  C,  is  described  in  Part  II.  of  the 
])resent  report.  The  general  plan  was  similar  to  that  employed  by 
Parr  and  Straub,  but,  in  order  to  control  the  applied  stress  more 
accurately,  stuffing  boxes  were  avoided,  and  the  loading  devices 
wore  completely  enclosed  in  the  pressure  vessel.  Electrical  attach- 
ments were  provided  to  control  the  constancy  of  temperature  and 
]>re88iiro,  and  also  gave  warning  when  a  specimen  under  stress 
broke  or  elongated  beyond  a  certain  limit. 

The  results  obtained  confirmed  in  the  main  those  of  other 
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investigators.  Specimens  stressed  beyond  the  yield  point  (as 
determined  at  atmospheric  temperature)  usually  broke  in  a  few 
hours,  but  no  cracks  were  found  other  than  the  single  one  causing 
rapture,  and  there  was  no  sign  of  intercrystalline  breakdown  in 
its  neighbourhood.  On  examining  results  published  elsewhere,  it 
was  found  that  convincing  evidence  of  intercrystalline  crackmg 
was  rarely  present.  The  fact  that  rupture  took  place  under  a 
comparatively  low  stress  was  usually  accepted  as  evidence  of 
*'  caustic  cracking  "  without  a  thorough  microscopical  examination. 
It  was  therefore  decided  to  examine  the  effect  oi  concentrations  of 
stress,  and  with  this  object  in  view  strip  specimens  of  steel,  some  with 
perforations  and  others  with  notched  edges,  were  included  in  the 
tests.  Failure  occurred,  as  would  be  expected,  under  lower  average 
stresses  than  in  plain  specimens,  and  cracks  were  found  close  to 
the  roots  of  the  notches,  but  these  were  mainly  transcrystalline. 
Attack  took  place  along  lines  of  inclusions  in  the  steel,  and  the 
growth  of  oxides  along  those  lines  contributed  to  the  destruction 
of  the  metal.  Much  general  corrosion  occurred,  which  would 
probably  be  less  marked  in  massive  plates  than  in  the  thin  strips 
used  for  the  tests. 

These  experiments,  using  only  moderate  pressures  similar  to 
those  in  many  boilers,  having  failed  to  reproduce  cracks  typical 
of  those  found  in  service,  it  was  decided  to  produce  higher  pres- 
sures, in  view  of  the  fact  that  a  crevice  in  a  riveted  joint  may 
become  sealed  by  products  of  corrosion,  allowing  a  high  pressure 
to  develop.  Moreover,  the  temperature  in  such  a  riveted  seam, 
exposed  to  flame,  may  well  rise  far  above  the  working  temperature 
of  the  boiler.  In  order  to  study  such  conditions  the  experiments 
described  in  Part  III.  of  this  report  were  undertaken.  Small 
cylinders  of  steel  were  drilled  centrally,  the  hole  was  filled  with 
sodium  hydroxide  solution  and  closed  by  washers  and  clamps, 
and  the  specimens  were  heated  to  various  temperatures.  At  so 
high  a  temperature  as  470°  C.  intercrystalline  cracks  were  readily 
produced  in  cold- worked  material,  whether  the  sodium  hydroxide 
used  was  pure  or  contained  the  usual  commercial  impurities.  On 
lowering  the  temperature  to  SIO"*  C.  intercrystalline  cracks  were 
still  obtained,  but  at  225°  C.  no  cracks  were  found  even  after  a 
month.  It  was  proved  that  the  attack  was  due  to  the  penetration 
of  hydrogen,  and  this  gas,  reacting  with  the  carbide  of  the  steel, 
produced  methane,  which  accumulated  until  a  high  pressure  was 
produced.     Fully  annealed  steels  were  not  attacked. 

These  small  pressure  cylinders  were  rather  dijficult  to  control, 
and  negative  results  were  sometimes  obtained.  An  apparatus  was 
therefore  constructed  in  which  the  conditions  could  be  maintained 
constant  with  greater  ease.  Small  cylinders  of  the  steels  to  be 
tested  were  enclosed  in  a  silver-lined  bomb,  the  reaction  space  in 
many  instances  being  Umited  by  packing  with  silver  cylinders,  so 
that  the  solution  was  not  in  contact  with  any  steel  other  than  the 
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specimen  under  test.  Pressures  were  measured  by  the  deflection 
of  a  calibrated  silver-faced  steel  diaphragm.  IntercrystaUine  cracks 
wore  readily  produced  in  this  apparatus. 

At  high  temperatures  hydrogen  penetration  occurred,  and 
methane,  in  quantities  up  to  ten  times  the  volume  of  the  steel, 
was  formed.  That  methane  was  present  in  the  cracks  and  was 
responsible  for  forcing  the  grains  apart  was  further  proved  by 
heating  a  cracked  specimen  to  650°  C.  for  some  time.  Becarburisa- 
tion  took  place,  and  cementite  particles  were  deposited  near  the 
edge  of  the  cracks.  At  a  higher  temperature  patches  of  pearlite 
were  re-formed.  The  whole  behaviour  was  similar  to  that  of  steels 
exposed  to  gaseous  hydrogen  at  much  higher  temperatures  and 
pressings,  as  in  gas  reaction  vessels. 

With  very  high  concentrations  of  sodium  hydroxide,  a  different 
type  of  intercrystalline  attack  was  obtained,  and  this  occurred  in 
annealed  as  well  as  in  cold-worked  specimens.  These  cracks  were 
almost  independent  of  the  carbides  in  the  steel,  often  following 
grain  boundaries  which  were  free  from  carbide.  The  cracks  were 
filled  to  some  depth  with  oxide,  which  was  absent  from  the  pene- 
trating cracks  of  the  hydrogen  type.  At  lower  temperatures,  such 
as  150^  C,  these  cracks  were  often  transcrystalline. 

Two  distinct  forms  of  cracking,  which  may  be  described  as  the 
hydrogen  type  and  the  oxide  type,  respectively,  have  therefore 
been  obtained.  Both  may  be  concerned  with  the  cracking  of 
boilers  in  service.  The  oxide  probably  plays  a  part  in  sealing 
the  crevices  and  so  allowing  a  high  pressure  to  develop.  Well- 
formed  crystals  of  a  black  oxide,  identified  as  Fes04,  were  some- 
times obtained.  These  must  have  been  deposited  from  solution 
in  the  alkali,  a  conclusion  which  was  confirmed  by  inserting  a  filter 
of  silver  powder  in  some  of  the  tube  experiments.  Iron  oxide  was 
deposited  on  the  further  side  of  the  filter. 

Several  matters  of  chemical  interest  have  arisen  in  the  course 
of  the  work.  An  American  investigation  led  to  the  surprising 
conclusion  that  at  250°  C.  solutions  of  sodium  hydroxide,  even  up 
to  50  g.  in  100  c.c,  had  no  more  effect  on  steel  of  boiler-plate  quality 
maintained  under  high  stress  than  water  alone  under  the  same 
conditions.  The  cracking  obtained  in  the  earlier  experiments  was 
attributed  to  the  use  of  commercial  sodium  hydroxide,  containing 
impurities,  and  the  substance  claimed  to  be  responsible  was  sodium 
silicate,  in  quantities  of  the  order  of  0-2% .  When  this  addition 
was  made  to  the  sodium  hydroxide,  failure  was  produced  under  a 
stress  less  than  one-third  of  that  which  was  required  in  the  pure 
solution.  The  specimens  which  failed  showed  a  large  number  of 
fine  intercrystalhne  cracks  near  to  the  fracture. 

This  conclusion  was  widely  accepted,  although  it  was  difficult 
to  understand,  on  chemical  grounds,  why  sodium  silicate,  which 
might  almost  be  expected  to  act  as  an  inhibitor,  should  be  so 
activ^e.     It  has  not  been  confirmed  by  the  experiments  here  described 
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in  which  the  purest  obtamablo  sodium  hydroxide  was  found  to  be 
quite  active  in  producing  failure  under  the  given  conditions.  More- 
over, failures  in  practice  have  occurred  in  recent  years,  although 
the  sodium  carbonate,  which  is  the  usual  addition,  manufactured 
and  sold  in  Great  Britain  contains  only  very  small  traces  of  siUcate. 

Differences  in  the  nature  of  the  attack  in  solutions  containing 
silicate  and  in  those  free  from  siUcate  were  observed,  but  these 
could  probably  be  accounted  for  by  differences  in  the  texture  of 
the  oxide  coatings.  It  seema  likely  that  this  texture  is  an  im- 
portant factor,  and  that  the  effect  of  various  substances  which 
are  known  to  act  as  inhibitors  may  depend  on  their  influence  on 
the  texture  of  the  oxide  deposited.  It  is  a  significant  fact  that 
some  of  them,  such  as  the  tannins,  are  solvents  for  iron  oxide. 
The  known  inhibiting  effect  of  sodium  sulphate  may  depend  on 
the  relatively  low  solubility  of  this  salt  causing  it  to  crystallise  and 
seal  the  crevices  in  a  joint  before  the  sodium  hydroxide  has  had 
time  to  reach  a  dangerous  concentration.  The  American  investi- 
gations have  shown  that  the  action  of  alkahs  may  be  retarded  or 
accelerated  by  the  presence  of  other  salts,  and  some  of  them  even 
acted  as  accelerators  at  100**  C.  but  as  retarders  under  high  pressure, 
so  that  complex  factors  are  evidently  involved. 

It  has  been  found  necessary  to  terminate  the  investigation  at 
this  point.  It  may  be  said  that  the  explanation  of  caustic  cracking 
originally  offered  by  Parr  and  Straub  has  proved  to  be  in  the  main 
correct.     The  following  practical  conclusions  may  be  drawn  : 

(1)  Intercrystalline  cracking  in  steam  boilers  is  always 
associated  with  a  high  alkalinity  of  the  water.  Where  this  is 
unavoidable,  owing  either  to  the  originally  alkaline  character 
of  the  supply  or  to  the  softening  process  which  has  been  applied 
to  a  naturally  hard  water,  a  method  of  protection  which  has 
proved  of  value  in  practice  is  the  maintenance  of  a  ratio  of 
sulphate  to  alkaH  above  a  certain  value,  depending  on  the 
working  pressure.  No  work  has  been  done  on  the  use  of 
other  inhibitors,  such  as  phosphates. 

(2)  The  steel  must  be  in  a  condition  of  stress,  the  elastic 
limit  having  been  exceeded,  either  through  an  external  con- 
straint, as  in  a  riveted  joint  which  has  been  forcibly  brought 
together,  or  by  internal  stress,  as  in  a  rivet  or  in  a  plate  where 
it  has  been  subjected  to  riveting  pressure.  Experience  with 
concentrating  pans  suggests  that  cracking  may  occur,  however, 
in  unstressed  steel  in  the  presence  of  very  strong  alkali. 

(3)  There  must  be  opportunities  for  the  concentration  of 
the  solution  in  capillary  spaces.  This  is  the  case  at  riveted 
joints.  A  seamless  drum  presents  no  such  cavities,  and 
caustic  cracking  has  not  been  observed  in  such  drums,  unless 
at  joints  or  fittings. 

(4)  A  high  temperature  must  be  reached.     This,  however, 
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depends  on  the  composition  of  the  solution.  Cracking  may 
occur  at  or  near  100°  C,  or  it  may  need  a  much  higher  tem- 
perature. In  this  connection  it  should  be  pointed  out  that 
temperatures  much  in  excess  of  the  working  temperature  of 
the  boiler  may  be  reached  in  a  riveted  butt-st^p  joint  exposed 
to  the  flame. 

(5)  The  intercrystalline  cracks  appear  to  be  of  two  kinds, 
the  one  being  clearly  due  to  the  penetration  of  hydrogen  and 
formation  of  methane  by  its  reaction  with  the  carbide  of  the 
steel;  the  other  leaving  the  carbide  unchanged,  the  cracks 
being  filled  with  black  oxide. 

(6)  Cracks  caiised  by  corrosion-fatigue,  being  transcrystal- 
line,  are  of  a  different  t3rpe.  They  may  usually  be  distinguished 
by  inspection,  but  a  microscopical  investigation  is  conclusive. 

The  work  summarised  in  this  report  and  dealt  with  in  detail 
in  Sections  II.  to  V.  was  carried  out  at  the  National  Physical 
Laboratory  as  part  of  the  programme  of  the  Metallurgy  Research 
Board.  The  investigation  was  b^un  originally  at  the  request 
of  the  Board  of  Tirade,  but  from  1935  onwards  the  work  was 
accelerated  as  a  result  of  collaboration  with  industry,  which  pro- 
vided considerable  financial  contributions  to  the  cost  of  the  experi- 
mental work.  This  assistance  from  industry,  both  financial  and 
technical,  is  gratefuUy  acknowledged. 

The  work  is  published  by  permission  of  the  Department  of 
Scientific  and  Industrial  Research. 


Part  II. — ^Prolonged -Stress  Tests  on  Iron  and  Steel  Specimens 
Immersed  in  Hot  Sodium  Hydroxide  Solutions. 

By  C.  H.  M.  JENKINS.  D.Sc,  A.R.S.M.,  and  FRANK  ADCOCK, 
M.B.E.,  D.Sc.  (National  Physical  Laboratory). 

(Vlgi.  6  to  80  -  Platti  3UI.  to  Xn^ ) 

The  behaviour  of  mild  steel  in  regard  to  the  possibility  of 
cracking  under  the  action  of  prolonged  stress  at  300*^  C.  was 
described  by  Rosenhain  and  Hanson  ^  and  on  specimens  with  con- 
centrated stress  by  Jenkins.^  No  cracking  was  obtained  in  these 
tests  on  specimens  loaded  for  five  years.  The  specimens  were  not 
exposed  to  sodium  hydroxide  solutions,  as  it  was  desirable  to 
introduce  the  various  factors  one  at  a  time.  The  experiments 
about  to  be  described  were  designed  to  ascertain  whether  caustic 

^  Rosonhain  and  Hanson,  Journal  of  the  Iron  and  Steel  InstittUe,  1927, 
No.  II..  p.  117. 

*  Jenkins,  Journal  of  the  Iron  and  Steel  InatittUe,  1935,  No.  II.,  p.  281. 
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cracking  occurs  as  the  result  of  stress  in  an  accelerating  medium 
and  were  undertaken  during  the  period  1931-1936. 

At  the  time  when  the  present  section  of  the  work  was  begun, 
Parr  and  Straub  ^  had  already  conducted  prolonged-stress  tests 
on  specimens  immersed  in  hot  solutions  under  pressure.  For  this 
purpose  they  employed  a  tyx>e  of  sealed  vessel  fitted  with  a  stuffing 
box  in  the  lid.  The  specimen  was  carried  inside  the  vessel,  and 
its  upper  end  was  attached  to  a  rod  which  passed  through  the 
stufiing  box.  By  means  of  a  coiled  spring  outside  the  vessel  tension 
was  applied  to  the  rod  which  transmitted  the  stress  to  the  specimen. 

In  the  present  experiments  the  exact  method  of  Parr  and 
Straub  was  not  adopted,  as  it  was  considered  that,  owing  to  fric- 
tion at  the  gland  after  corrosion  had  taken  place,  the  specimen 
might  not  be  subjected  to  the  full  tension  applied  by  the  spring, 
while  it  would  be  difficult  to  avoid  slight  leakage  at  the  gland, 
which,  although  negligible  in  ordinary  practice,  would  deplete  the 
limited  quantity  of  liquid  during  a  prolonged  test. 

Description  of  Apparatus. 

Pressure  Cylinder  and  IrUemal  Fittings. 

The  apparatus,  shown  in  Fig.  6,  consisted  essentially  of  a  short 
thick-walled  cylindrical  vessel,  electrically  heated,  with  internal 
fittings  for  applying  tension  to  specimens.  It  was  essential  to 
avoid  any  form  of  joint  in  the  vessel  below  the  liquid  level  during 
the  experiments.  Accordingly,  a  hot-drawn  mild  steel  cylinder 
was  employed.     This  cylinder,  which  had  been  tested  hydraulically 


Fro.  1. — Cross-Section  of  Steara-Tight  Joint.     Three-quarters  natural  size. 

at  1000  lb.  per  sq.  in.,  measured  9 J  in.  in  dia.  by  12  in.  in  height 
internally,  the  minimum  wall  thickness  being  1  in.  The  upper 
part  was  threaded  externally  and  carried  a  heavy  flange  with 
sixteen  1-in.  dia.  bolt-holes.  A  cover,  17  in.  in  dia.  and  If  in. 
thick,  was  bolted  to  the  flange  by  high-tensile  steel  bolts.  A  leak- 
proof  joint  was  made  by  means  of  a  carefully  machined  tongue  on 
the  top  end  of  the  cylinder,  which  entered  a  groove  in  the  under- 

^  Parr  and  Straub,  University  of  Illinois  Engineering  Experiment  Station^ 
1 920,  BidUtin  No.  115,  p.  34. 
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side  of  the  cover.  When  the  holding-down  bolts  were  tightened 
the  tongue  bedded  firmly  on  e.  copper  washer  carried  in  the  groove. 
The  original  copper  washer  had  been  used  for  thirty-four  experi- 
ments, lasting  in  the  aggregate  for  four  hundred  and  ten  days 
approximately,  and  a  leak-proof  joint  was  readily  attained  at  the 
end  of  this  period.  Fig.  1  shows  the  cross  section  of  the  joint. 
Two  mUd-steel  brackets  were  attached  to  the  underside  t^  the 


Fto.  2. — Preaaure  Cylinder  with  Lid  and  Internal  Fittings.     Soale 


cover  and  reached  almost  to  the  bottom  of  the  pressure  vessel 
when  the  cover  was  bolted  in  position.  Each  bracket  carried  a 
lever  or  beam,  normally  horizontal  and  mounted  close  under  the 
lid.     The  short  end  of  each  lever  was  connected  to  the  top  end  of 

the  specimen  under  test  by  a  suitable  link,  while  the  long  end 
carried  a  weight,  the  bottom  of  eauh  specimen  being  attached  to 
the  slight  projection  at  the  foot  of  the  bracket  (Pigs.  2  and  7). 


INTBBCRYSTAIXINB  CBAOKmO   IN   BOILEB  PLATBS. — PABT  n.     105  P 

Ca^t-iron  weights  were  employed  and  shaped  so  as  to  utilise  to  the 
best  advantage  the  limited  space  available.  Final  adjustment  of 
the  load  was  made  by  slightly  altering  the  distance  from  the  fulcrum 
of  the  grooved  support  in  which  rested  the  knife-edge  fastened  to 
the  weights.  The  tension  applied  to  the  specimen  was  about  eight 
times  the  direct  load  of  the  weight  on  the  long  arm  of  the  lever. 
Loads  of  up  to  100  lb.  could  be  conveniently  appHed  in  this  way, 
and  the  degree  of  movement  of  the  lever  permitted  of  a  maximum 
extension  of  the  specimen  of  ^  in.  before  the  beam  rested  on  the 
stop  and  the  stress  on  the  specimen  was  relieved.  The  tension 
applied  was  measured  by  placing  the  cover  with  the  attached 
brackets,  beams,  weights,  &c.,  on  a  frame  with  a  clear  space  beneath. 
The  upper  end  of  a  dummy  specimen  was  fixed  to  the  upper  shackle 


W  =  Weight. 
L  =  Lever. 
T  =  Test  specimen. 
B  =  Spring  balance. 
Si,  S^  =  Adjusting  shackles. 


Fio.  3. — Method  of  Estimating  the  Load  on  the  Specimen. 

and  its  lower  end  was  attached  to  a  spring  balance  anchored  to  a 
heavy  weight  resting  on  the  floor.  Fig.  3  shows  the  arrangement 
diagrammatically.  By  adjusting  the  strainers  8-^  and  8^  the  tension 
on  the  specimen  could  be  ascertained  from  the  dial  reading,  pro- 
vided that  a  small  allowance  was  made  for  the  weight  of  the  upper 
part  of  the  balance,  &c.  Once  the  specimens  were  in  position  the 
weights  were  removed  and  only  replaced  when  the  cover  was  being 
finally  lowered,  as  smoothly  as  possible.  Small  ball-bearings  of 
stainless  steel  were  used  to  support  the  lever  and  to  attach  the 
upper  shackle  to  its  short  end.  New  ball-bearings  were  found  to 
bind  during  a  prolonged  experiment,  owing  to  loose  black  oxide 
being  washed  from  the  cover  into  the  baU  races.  This  difficulty 
was  overcome  by  acid-pickling  the  ball-bearings  before  use  so  as 
make  them  slightly  "  slack." 

These  ball-bearings  proved  quite  suitable  and  no  variation  in 


y 
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load  exceeding  2%  of  the  total  could  be  detected  in  any  working 
position  of  the  beam.  An  additional  advantage  was  that  the 
components  of  the  lover  system  could  not  be  accidentally  separated. 

External  Fittings  to  the  Pressure  Vessels. 

The  cover  was  fitted  with  a  steam  pressure  gauge  and  a  dial 
thermometer,  the  steel  stem  of  which  mpped  into  the  liquid  sur- 
rounding the  test  specimen.  A  pipe  connection,  with  a  stop- 
valve  attached,  was  also  provided  either  for  releasing  the  steam 
and  gases  or  for  injecting  water  into  the  cylinder  by  a  hydraulic 
pump.  An  emergency  pressure  diaphragm  release  was  fixed 
centrally  in  the  cover  and  connected  to  a  sepaiute  pipe  (not  shown 
in  Figs.  6  and  7)  discharging  outside  the  building. 

Five  insulated  steel  electric  leads  were  passed  through  the 
cover,  each  consisting  of  a  mushroom  head  with  a  threaded  stem 
attached,  which  was  centred  and  prevented  from  making  metallic 
contact  by  two  mica  washers  carried  in  carefully  surfaced  recesses 
in  the  cover. 

Heating  Arrangements  and  Associated  Control  Oear. 

The  base  of  the  pressure  cylinder  was  firmly  bedded  on  a  hot- 
plate of  heat-resisting  iron,  which  was  screwed  (with  Monel-metal 
screws)  to  a  heavy  steel  rim  attached  to  the  cylinder.  A  heating 
element  of  nickel-chromium  alloy  tape  was  carried  in  grooves  in 
the  hot-plate  casting  and  insulated  from  it  by  strips  of  mica.  The 
hot-plate  was  supplied  with  alternating  current,  about  3  kW. 
being  used  to  heat  up  the  cylinder  from  the  cold.  Once  the  work- 
ing temperature  was  attained,  an  input  of  IJ  kW.  was  sufficient 
to  maintain  it.  Thermal  lagging  was  provided  by  placing  the 
apparatus  in  a  motal  container  lined  with  refractory  bricks  and 
strips  of  asbestos  cloth  on  the  cover.  The  heating  current  was  in 
the  first  instance  regulated  by  means  of  an  adjustable  resistance. 
Automatic  thermostatic  control  was  effected  by  short-circuiting  at 
intervals  another  resistance  in  the  heater  circuit  by  the  heavy 
current  relay,  the  pilot  coil  of  which  was  electrically  connected  to 
light  contacts  incorporated  in  the  dial  thermometer  fixed  in  the 
cover. 

Another  relay  was  arranged  to  interrupt  the  heating  current 
completely  should  the  normal  working  pressure  in  the  cylinder  be 
greatly  exceeded.  The  pilot  coil  of  this  relay  wa«  operated  by  a 
pair  of  light  contacts  attached  to  the  steam  pressure  gauge.  A 
further  arrangement  was  made  whereby  the  heating  current  was 
interrupted  should  the  temperature  of  the  cylinder  rise  too  higli, 
irrcspe(jtive  of  pressure  conditions. 

Equlpmtnt  for  Indicating  Conditions  Inside  the  Pressure  Vessel. 

To  determine  the  level  of  the  liquid  inside  the  cylinder,  three 
vertical  mild-steel  rods  of  different  lengtlis  were  each  atta(;hed  to 
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the  imderside  of  an  insulated  lead  passing  through  the  cover.  A 
small  potential  applied  to  these  rods  caused  a  current  to  flow 
through  those-  rods  only  which  made  contact  with  the  liquid. 
Electrical  polarisation  effects  were  avoided  by  using  alternating 
current. 

A  knowledge  of  the  condition  of  the  specimens  under  test  was 
of  primary  importance,  as  this  was  the  chief  factor  in  determining 
the  duration  of  a  particular  experiment.  This  was  accomplished 
electrically  as  follows  :  A  piece  of  silver  strip  was  attached  to  the 
underside  of  each  of  the  remaining  insulated  leads  passing  through 
the  cover  and  bent  so  that  the  long  arm  of  each  beam  made  con- 
tact with  its  corresponding  strip  when  near  the  end  of  its  normal 
travel  downwards.  Thus,  the  breaking  of  a  specimen  would  allow 
the  end  of  the  beam,  to  which  the  weight  was  attached,  to  fall 
and  press  tightly  on  the  silver  strip.  A  silver  contact  was  fixed 
on  the  beam  so  as  to  ensure  good  electrical  connection  with  the 
strip  when  this  occurred.  A  small  alternating  potential  was  con- 
tinuously applied  to  the  strips,  and  the  time  of  failure  of  a  specimen 
was  indicated  by  the  passage  of  a  current. 


Types  of  Tbst-piboes  and  Material  used  fob  Tests. 

The  test-pieces  used  were  in  theform  of  plain,  perforated  or  notched 
strips,  about  4*5  in.  in  length.  Except  for  two  round  specimens,  the 
tensile  tests  in  air  at  room  temperature  were  conducted  with  plain  strip 
specimens.     The  shape  and  dimensions  of  these  test-pieces  are  indi- 
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Fio.  4. — Types  of  Strip  Test-Piocea  Employed.     Notch  at  four  times 

natural  size. 

cated  in  Fig.  4.  Although  in  the  form  of  flat  strip,  the  specimens  of 
boiler  plate  were  not  made  by  rolling  a  thicker  plate.  Blanks  were 
first  cut  from  the  plate  and  ground  to  a  thickness  of  0-02  in.  A 
number  of  the  ground  strips  were  then  clamped  together  and  cut 
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to  shape.  Except  in  tests  on  cold-worked  material,  all  the  finished 
specimens  were  heat-treated  in  vacuo  in  a  sealed  silica  tube  before 
testing. 

The  test  material  consisted  of  a  portion  of  a  boiler  plate  which 
had  developed  general  intercrystauine  breakdown  from  caustic 
cracking  during  service.  Analyses  of  the  material  used  for  making 
most  of  the  tests  gave  : 

Carbon    .  .  .  014%  Manganese  .  .  0*73% 

Silicon      .  .  .  0-02%  Copper     .  .  .  0-067% 

Sulphur  .  .  .  0038%  Molybdenum  .  .  Trace% 

Phosphorus  .  0-040% 

The  microstructure  after  heat  treatment  is  shown  in  Figs.  8  and  9. 
Examination  of  sections  in  the  as-received  state  indicated  that  the 
plate  had  been  cross-rolled.  It  was  consequently  not  considered 
necessary  to  cut  test  specimens  from  the  plate  in  different  directions. 

Preliminary  tensile  tests  on  material  cut  from  the  boiler  plate 
were  conducted  at  room  temperature  in  air.  The  ultimate  strength 
showed  some  variation,  which  is  thought  to  be  mainly  due  to  the 
small  size  of  the  strip  test-pieces,  which  had  a  cross-section  of  only 
0*002  sq.  in.  Thus,  a  large  non-metallic  inclusion  or  ferrite  band 
in  the  test  length  might  appreciably  affect  the  results.  Tests  on 
two  larger  test-pieces  of  circular  section  were  in  good  agreement. 

Prolonged-stress  tests  were  also  made  in  air  at  225"^  C.  The 
specimens  were  loaded  by  weights  and  levers,  contained  in  a  large 
oven  at  the  required  temperature.  A  test-piece  of  boiler  plate 
(carbon  0*14%)  stressed  at  16  tons  per  sq.  in. — close  to,  but  just 
below,  the  yield  stress  for  this  material  at  room  temperature — gave 
no  measurable  extension  in  6  months.  Another  specimen,  stressed 
at  20  tons  per  sq.  in.  for  17  months — somewhat  above  the  yield 
stress  at  room  temperature — showed  some  extension  at  the  end  of 
the  first  month,  but  no  further  extension  could  be  detected  during 
the  remaining  16  months.  Comparative  tests  of  8  months  eacli 
were  made  at  225°  C.  on  steels  containing  respectively  0-11%, 
0-14%  and  0-23%  of  carbon.  In  these  tests  care  was  taken  not  to 
apply  the  full  stress  until  the  specimen  had  reached  a  steady  tem- 
perature of  226°  C.  The  yield  and  ultimate  stresses  for  the  three 
steels  at  room  temperature  were  known,  and  the  stresses  imposed 
for  the  prolonged  tests  at  226°  C.  were  calculated  from  the  arbitrary 
formula  which  allowed  for  var3dng  strength  in  the  material : 

Stress  ==  Y  -{-KU  -  Y), 

where  Y  =  yield  stress  in  tons  per  sq.  in.  at  room  temperature 
U  e=  ultimate  stress 


>»  »i  *f  *» 


None  of  these  specimens  showed  any  measurable  extension  during 
the  last  6  months,  indicating  that  the  specimens  would  withstand 
indefinitely  the  imposition  of  stresses  in  accordance  with  the  above 
formula.  For  the  boiler  plate  (carbon  0-14%)  which  was  used  for 
many  of  the  experiments  with  the  pressure  vessel,  this  stress  was 
21-9  tons  per  sq.  in. 
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Experimental  Procbdxjre  and  Results  of  Tests  in  Pressure 

Cylinder. 

Most  of  the  tests  were  carried  out  with  sodium  hydroxide 
solution  of  definite  strength  and  maintained  at  a  single  fixed  tem- 
perature. With  a  few  exceptions,  the  test  specimens  were  made 
from  one  piece  of  used  boiler  plate,  which  was  known  to  be  sus- 
ceptible to  intercrystalline  cracking  under  service  conditions. 
Some  of  the  fifty  tests  were  terminated  in  a  few  hours,  while  others 
extended  over  periods  of  up  to  66  days.  The  duplication  of  the 
loading  arrangements  inside  the  cylinder  permitted  of  certain  com- 
parative tests,  but  for  general  use  any  advantage  was  largely 
negatived  by  the  necessity  of  opening  up  the  cylinder  as  soon  as 
the  first  specimen  failed.  Ten  tests  were  conducted  with  normalised 
plain  strip  specimens  subjected  to  steady  tension  while  immersed 
in  commercial  sodium  hydroxide  solution  of  density  1-29  (measured 
in  the  cold)  maintained  at  225°  C.  A  steam  pressure  of  300  lb. 
per  sq.  in.  approximately  existed  over  the  solution  in  these  cir- 
cumstances. 

Of  three  specimens  stressed  at  19  tons  per  sq.  in.,  two  broke 
in  a  few  hours,  while  the  third  remained  unbroken  after  15  days. 
A  specimen  stressed  at  22^  tons  per  sq.  in.  broke  in  1^  hr.  No 
breakages  occurred  in  specimens  stressed  at  17|  tons  per  sq.  in.  or 
at  lower  loads. 

No  small  cracks  were  found  in  either  the  broken  or  the  unbroken 
plain  strip  specimens  after  these  tests.  The  results  suggest  that 
the  margin  between  a  stress  which  causes  rapid  failure  and  one 
which  can  be  resisted  indefinitely  is  very  narrow.  Under  such 
conditions  it  is  probable  that  once  a  small  crack  has  formed  the 
resulting  concentration  of  stress  causes  its  rapid  propagation  and 
fracture  of  the  specimen.  The  uniform  nature  of  the  oxide  coating 
formed  on  the  steel  during  the  test  is  shown  in  Fig.  10,  which 
represents  a  polished  and  etched  section  of  the  specimen  that  had 
resisted  a  stress  of  19  tons  per  sq.  in.  for  15  days. 

At  a  later  stage  in  this  series  of  tests  the  question  of  the  influence 
of  sodium  silicate  in  the  sodium  hydroxide  solutions  was  raised  by 
American  workers.^  In  view  of  their  publication,  the  solid  com- 
mercial sodium  hydroxide  used  in  making  up  the  later  solutions 
was  analysed  and  was  found  to  contain  0-158%  of  Si02.  This 
corresponded  with  approximately  0054  g.  of  SiOg  per  100  c.c.  of 
the  solution  used.  Tests  were  also  made  at  225°  C.  in  a  solution,  of 
density  1-29,  of  a  purified  brand  of  sodium  hydroxide,  the  specified 
maximum  quantity  of  Si02  in  the  solid  material  being  0-01% 
(corresponding  with,  say,  0003  g.  of  Si02  per  100  c.c.  of  solution). 
Two  specimens  of  annealed  boiler  plate  stressed  at  22  tons  per  sq. 

*  Schroeder,  Berk  and  Partridge,  Proceedings  of  the  American  Society  for 
Testing  Materials,  1936,  vol.  36,  Part  2,  p.  721. 
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in.  remained  unbroken  after  tests  lasting  respectively  12  and  19 
days.  These  specimens  would  undoubtedly  have  failed  had  they 
been  tested  under  similar  conditions  in  a  solution  of  the  commercial 
sodium  hydroxide. 

Further  tests  were  then  made  in  which  the  specimens  were 
immersed  in  a  high-purity  sodium  hydroxide  solution  to  which 
definite  quantities  of  sodium  silicate  were  added.  In  tests  on 
normalised  specimens  at  225^  C.  in  a  solution  of  density  1*29  which 
contained  approximately  0-027  g.  of  SiOj  per  100  c.c,  one  specimen 
loaded  to  22  tons  per  sq.  in.  broke  after  4  days,  while  the  specimen 
stressed  at  15  tons  per  sq.  in.  remained  unbroken.  A  solution  of 
high-purity  sodium  hydroxide  to  which  had  been  added  0*2  g.  of 
Si02  per  100  c.c.  was  used  for  four  additional  tests.  All  these 
specimens,  which  were  stressed  at  22  tons  per  sq.  in.,  fractured  in 
from  17  to  50  hr. 

These  tests,  all  made  on  plain  strip  specimens  of  normalised 
boiler  plate,  indicate  that  for  the  particular  conditions  of  these 
experiments  the  presence  of  a  small  amount  of  sodium  silicate  in 
the  sodium  hydroxide  solution  definitely  lowers  their  resistance  to 
prolonged  tensile  stress.  Thus,  a  specimen  stressed  at  22  tons  per 
sq.  in.  in  the  high-purity  sodium  hydroxide  solution  remained 
unbroken  after  19  days;  on  the  other  hand,  the  average  life  of 
four  specimens  also  stressed  at  22  tons  per  sq.  in.  in  sodium  hydroxide 
solution  containing  0-2  g.  of  SiOg  per  100  c.c.  was  30  hr. 

Most  of  the  specimens  were  examined  microscopically  after 
test.  A  small  portion  of  metal  was  cut  (usually  from  the  test 
len^h),  and  after  mounting  in  synthetic  resin  was  polished  and 
etched.  In  spite  of  the  relatively  short  exposure,  the  specimens 
immersed  in  the  solution  containing  sodium  silicate  had  suffered 
considerable  general  surface  attack  and  were  coated  heavily  with 
black  oxide.  This  general  surface  attack  was  less  marked  on 
specimens  tested  in  solutions  low  in  sodium  silicate.  The  test- 
pieces  were  only  0*02  in.  thick,  and  any  surface  attack  was  an 
important  factor  in  causing  fracture,  since  the  stress  acting  on  the 
remaining  metal  was  necessarily  increased.  The  conditions  for 
thick  material  under  stress  and  exposed  to  hot  sodium  hydroxide 
solution  containing  sodium  silicate  are  somewhat  different,  how- 
ever, since  any  general  surface  corrosion  would  need  to  proceed  to 
a  greater  depth  before  it  gave  rise  to  an  appreciable  increase  in 
stress  in  the  remaining  metal. 

During  experiments  inside  the  pressure  vessel  it  was  found  that 
frequently  a  more  intense  general  surface  corrosion  took  place  on 
steel  parts  which  were  not  in  good  metallic  contact  with  the  adjacent 
metal  masses.  Thus,  it  was  found  essential  to  connect  the  opposite 
ends  of  specimens  under  test  with  a  loop  of  steel  wire.  Unless 
this  had  been  done,  a  specimen,  once  fractured,  suffered  rapid 
corrosion,  particularly  near  the  fractured  ends,  even  in  the  few 
hours  required  for  the  cylinder  to  cool  down.     Specimens  elec- 
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trically  insulated  (apart  from  the  conductive  path  through  the 
liquid)  from  the  rest  of  the  cyUnder  and  fittings  suffered  intense 
general  corrosion  in  spite  of  the  fact  that  the  very  small  negative 
potential  which  was  incidentally  appHed  to  them  during  the  experi- 
ments would  tend  to  restrain  the  corrosive  action  of  the  liquid. 
Accelerated  surface  corrosion  is  not  only  caused  by  the  presence 
of  sodium  silicate  in  the  caustic  solution,  but  may  occur  merely  as 
a  result  of  the  mechanical  arrangement  of  the  steel  parts  in  contact 
with  solution  which  contains  practically  no  sodium  silicate.  Apart 
from  the  general  surface  corrosion,  the  presence  of  sodium  sihcate 
in  the  solution  is  responsible  for  the  formation  of  fine  fissiu-es  in 
the  steel.  These  fissures  are  apparently  filled  with  black  oxide, 
and,  as  will  be  seen  from  Fig.  11,  are  both  inter-  and  trans-crystalline 
in  character.  Another  specimen  tested  under  similar  conditions 
showed  a  large  number  of  short  spurs  of  oxide  which  projected 
into  the  metal.  These  spurs,  which  displayed  a  tendency  to 
penetrate  a  very  short  distance  along  the  grain  boimdaries,  were 
detected  not  only  in  the  highly  stressed  metal  of  the  test  length 
but  also  at  the  ends  which  were  not  appreciably  stressed. 

Although  the  addition  of  sodium  silicate  to  the  sodium  hydroxide 
solution  accelerated  the  general  surface  corrosion  of  steel  specimens 
under  pressure-cylinder  conditions,  no  such  action  occurred  with 
high-purity  iron.  Fig.  12  shows,  after  polishing  and  etching,  a 
highly-stressed  region  of  a  high-purity  iron  specimen  in  the  form 
of  notched  strip.  In  spite  of  five  days*  exposure,  the  oxide  coat 
was  thin  and  there  were  no  fissures  either  at  the  grain  boundaries 
or  elsewhere. 

In  general,  the  results  for  steel  specimens  tend  to  confirm 
Schroeder,  Berk  and  Partridge  (loc.  cit.),  who  found,  when  working 
under  somewhat  different  conditions,  that  exposure  to  pure  sodium 
hydroxide  solution  did  not  reduce  the  loaa-carr3ring  capacity  of 
uniformly-stressed  specimens.  Two  of  those  authors  ^  established 
that  so(&um  siUcate  additions  to  the  sodium  hydroxide  solution 
caused  failure  of  uniformly-loaded  steel  specimens  which  would 
not  have  failed  in  pure  sodium  hydroxide  solution.  Their  speci- 
mens were  aU  very  highly  stressed,  however;  it  should  be  noted 
that  the  minimum  stress  adopted  was  just  below  the  ultimate 
stress  for  the  material  at  room  temperature.  The  results  of  the 
present  authors  show  that  additions  of  sodium  silicate  may  cause 
failure  of  uniformly-loaded  steel  specimens  subjected  to  much 
lower  stresses — stresses  in  the  neighbourhood  of  the  room-tempera- 
ture yield  stress  of  the  material — but  that  this  is  due  to  an  increase 
of  general  corrosion  and  not  to  intercrystalline  cracking.  All  the 
tests  of  the  'present  authors,  as  well  as  those  of  Schroeder,  Berk 
and  Partridge,  were  made  on  relatively  thin  specimens,  and  their 
significance  regarding  boiler  practice  is  a  matter  for  conjecture. 

*  Schroeder  and  Berk,  American  Institute  of  Mining  and  Metallurgical 
Engineers,  Technical  Publication  No.  691 ;  Metals  Technology,  1936,  vol.  3,  Jan. 
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Periodic  Believing  of  Stress. 

It  was  thought  possible  that  the  elastic  dimensional  changes 
which  occurred  in  the  metal  when  the  stress  was  relieved  or  re- 
imposed  would  break  up  any  protective  oxide  coat,  and  so  expose 
more  metal  to  the  attack  of  the  sodium  hydroxide  solution.  Accord- 
ingly the  arrangement  shown  in  Fig.  5  was  made.  By  rotating  a 
screwed  rod  B,  which  passed  through  the  cylinder  cover,  pressure 
was  brought  to  bear  on  the  small  projection  F  attached  to  the 
beam  0.  By  this  means  the  end  of  the  beam  attached  to  the 
specimen  was  forced  doi^Ti  and  the  stress  was  relieved.     A  gland 


A  =  Stecun-tight  cap. 

B  =  Screwed  push  rod. 

C  —  Gland  nut. 

D  =  Gland  box.    This  screws  into 

pressure-cylinder  cover. 
E  =  Cylinder  cover. 
F  —  Ball  fixed  on  projecting  end  of 

lever. 
O  =  Lever. 


Fio.  6. — Apparatus  for  Relieving  Stress  on  Specimen  inside  Pressure  Vessel. 

prevented  serious  leakage  of  steam  when  the  steam-tight  cap  A 
was  removed  to  rotate  the  screwed  rod. 

Two  plain  strip  specimens  of  normalised  boiler  plate  were 
stressed  at  17 J  tons  per  sq.  in.  at  the  same  time  in  the  cylinder, 
this  being  approximately  the  highest  stress  which  could  be  resisted 
indefinitely  in  the  commercial  sodium  hydroxide  solution.  The 
stress  on  one  specimen  was  relieved  for  5  min.  daily  while  that  on 
the  other  was  steadily  applied.     Neither  specimen  broke  in  65  days. 

Cold-Worked  Strip  Specimens. 

Two  plain  strips  of  normalised  boiler  plate  were  reduced  20% 
in  thickness  by  cold-rolling  and  then  stressed  at   17^  tons  and 
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14  tons  per  sq.  in.,  respectively,  in  commercial  sodium  hydroxide 
solution.  The  former  specimen  failed  in  3  days,  while  the  latter 
remained  unbroken  after  48  days.  This  suggested  that  the  cold- 
rolling  operation  lessened  the  resistance,  since  normalised  specimens 
were  known  to  resist  a  stress  of  17J  tons  per  sq.  in.  for  long  periods. 
Microscopical  examination  after  fracture  showed  several  penetrating 
oxide  masses.  Some  were  of  the  "  blunt  **  type  shown  in  Fig.  13, 
while  others  occupied  narrow  cracks,  mainly  transcrystalline,  as  in 
Fig.  14.  Further  tests  were  made  on  boiler  plate  which  had  been 
normalised  and  then  reduced  66%  in  thickness  by  cold-rolling. 
The  highest  stress  applied  to  a  specimen  of  this  series  was  24  J  tons 
per  sq.  in.  This  was  resisted  successfully  for  12  days.  The  exten- 
sion on  the  test  length  was  certainly  less  than  0-05  cm. 

Although  the  preliminary  tests  with  the  20%-reduced  specimens 
suggested  that  cold-working  reduced  the  resistance  under  pressure- 
cylinder  conditions,  the  heavily  cold-worked  material  offered  a 
greater  resistance  than  the  normalised  specimens.  The  latter 
results  are  in  agreement  with  those  of  Parr  and  Straub  (loc,  cit,). 
The  different  behaviour  under  stress  of  the  20%-reduced  specimens 
may  perhaps  be  attributed  to  the  fact  that  they  were  cold-rolled 
after  being  made  into  specimens,  and  the  metal  in  different  zones 
may  have  undergone  very  different  amounts  of  cold-working. 

Application  of  Negative  Potential  during  Test, 

A  plain  strip  of  normalised  boiler  plate  was  stressed  at  17^  tons 
per  sq.  in.  and  an  insulated  steel  rod,  metaUically  connected  to  one 
of  the  insulated  electric  leads  passing  through  the  cylinder  cover 
and  made  electro-positive  in  respect  to  the  specimen  under  tension 
(as  well  as  the  rest  of  the  cylinder  and  fittings),  was  placed  close  to 
it  in  the  solution.  A  current  of  0*1  amp.  was  passed  through  this 
electrode  and  it  was  expected  that  a  considerable  proportion  of 
this  current  would  pass  through  the  solution  to  the  specimen, 
which  was  provided  with  a  special  electrical  connection  to  the 
main  part  of  the  cylinder.  The  specimen  fractured  after  5J  days, 
and,  although  no  microscopical  cracks  (apart  from  the  main  frac- 
ture) were  detected,  the  oxide  coating  separated  readily  from  the 
underlying  metal,  which  appeared  quite  bright. 

Tests  on  Perforated  Specimens. 

The  effect  of  localised  stress  was  investigated  by  means  of  the 
perforated  type  of  specimen  shown  in  Fig.  4.  Perforated  strips  of 
normalised  plate  were  stressed  at  15  tons  and  17  tons  per  sq.  in. 
average  stress,  calculated  for  the  minimum  cross-section.  The 
specimen  stressed  at  17  tons  per  sq.  in.  remained  unbroken  after 
35  days.  Microscopical  examination  of  sections  near  the  holes 
revealed  numerous  non-metallic  inclusions.  The  preferential  corro- 
sive attack  on  these  inclusions  near  a  hole  is  indicated  in  Fig.  15. 
Under  higher  powers,  intrusions  of  oxide  were  detected  at  the  edge 
1941— i  I 
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of  a  hole,  and  near  the  tip  of  one  of  these  oxide  intrusions  fine 
intercrystalline  cracks  were  detected  (Fig.  16). 

The  work  with  specimens  subjected  to  moderate  concentrations 
of  stress  suggests  that  failure  would  ultimately  occur  owing  to 
the  slow  growth  of  oxide  masses  in  the  regions  of  small  original 
inclusions  in  the  steel.  Signs  of  intercrystalline  attack  of  the 
metal  were  rarely  observed. 

Testa  on  Notched  Specimens. 

Experiments  were  conducted  on  steel  specimens  of  the  notched- 
strip  type,  giving  a  high  concentration  of  stress,  aa  shown  in 
Fig.  4.  An  average  stress  of  12  tons  per  sq.  in.  on  the  minimum 
cross-section  was  resisted  successfully  tor  48  days,  although  appre- 
ciable extensions  had  occurred  at  the  notches.  A  stress  of  14  tons 
per  sq.  in.  brought  about  failure  in  50  hr.,  and  with  higher  stresses 
the  specimens  fractured  in  shorter  times.  These  results  indicate 
that  severe  local  concentration  of  stress  is  an  important  factor  in 
failure. 

A  microscopical  examination  of  the  broken  notch  of  the  specimen 
which  failed  under  test  (Fig.  17)  showed  intrusions,  some  of  which 
were  transcrystalline,  while  others  tended  to  follow  the  crystal 
boundaries.  A  further  example  of  a  thin  penetrating  oxide  intrusion 
was  detected  at  an  unbroken  notch  of  another  specimen  after  test 
(Fig.  18).  Although  the  line  of  this  intrusion  appears  to  be  slightly 
influenced  by  crystal  boimdaries  and  the  presence  of  pearlite,  the 
straightness  of  its  course  indicates  its  transcrystalline  nature. 

Tests  on  Notched  Specimens  of  Steel  Prepared  in  the  Laboratory, 

In  a  laboratory  investigation  of  a  boiler  plate  which  had  failed 
by  caustic  cracking  in  service,  it  was  noticed  that  a  strong  smell 
characteristic  of  hydrogen  phosphide  was  evolved  when  pieces  were 
being  ground  or  poUshed.  It  seemed  possible  that  the  phosphorus 
in  the  steel  might  be  a  factor  conducing  to  caustic  embrittlement. 
A  melt  was  accordingly  prepared  from  ingot  iron  with  additions 
of  carbon  and  calcium  phosphide  in  a  high-frequency  induction 
furnace.  After  forging  and  rolling  the  small  ingot  thus  produced, 
several  notched  strip  test-pieces  were  prepared  and  normalised. 
No  analysis  was  made,  but  the  typical  smell  of  a  phosphide  was 
present  during  grinding  and  poUshing.  Microscopical  examination 
showed  that  the  material  was  almost  devoid  of  pearUte  and  that 
an  unusual  amount  of  cementite  was  present  at  the  ferrite  grain 
boimdaries.  A  notched  strip  specimen  stressed  at  16  tons  per  sq.  in. 
(average  stress  calculated  on  the  minimum  area  of  cross-section  at 
the  notch)  failed  in  36  hr.  under  pressure-cylinder  conditions. 
After  this  test  the  specimen  was  ground  and  polished  near  one  of 
the  notc^lies  and  examined  microscopically  after  etching.  Some 
rather  broad  oxide  intrusions  were  detected.  From  Fig.  19,  which 
shows  a  typical  oxide  intrusion,  it  will  be  seen  that  there  is  httle 
indication  of  any  intercrystalline  penetration. 
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Teats  on  Notched  Specimens  of  High-Purity  Iron. 

Specimens  of  high-purity  iron  stressed  at  10  tons  and  7  tons 
per  sq.  in.,  respectively  (calculated  on  the  area  of  minimum  cross- 
section),  and  immersed  in  commercial  sodium  hydroxide  solution 
fractured  in  less  than  one  day.  Apart  from  the  main  fractures, 
small  cracks  had  formed  near  the  roots  of  most  of  the  notches. 
Fig.  20  shows  an  area  near  the  root  of  a  notch  after  polishing  and 
etching.  Of  the  three  cracks  visible,  only  the  centre  one  appears 
to  follow  in  any  way  the  crystal  boundaries.  Another  type  of 
breakdown  characterised  by  several  closely  associated  fine  almost 
parallel  cracks  was  also  observed  in  the  iron. 

Composition  of  the  Black  Oxide  Produced  by  Corrosion, 

Two  samples  of  magnetic  black  oxide  of  iron  were  chemically 
examined.  The  first  was  obtained  by  exposure  of  a  boiler-plate 
specimen  to  sodium  hydroxide  (sp.  gr.  1*29,  cold)  at  100°  C. ;  the 
second  was  removed  from  the  waU  of  the  high-pressure  vessel  after 
the  action  of  sodium  hydroxide  (sp.  gr.  140,  cdd)  at  225°  C.  The 
first  contained  69-2%  and  the  second  69*1%  of  metallic  iron. 
These  figures  agree  closely  with  the  iron  content  of  FcgOg  (69-4%) 
and  not  with  that  of  Fes04  (72-3%).  On  ignition  at  800°  C,  the 
first  sample  of  oxide  became  red  in  colour  and  contained  69*8%  of 
metallic  iron.  Thus,  it  appears  that  the  black  oxide  of  iron  pro- 
duced in  these  particular  circumstances  is  largely  Fe208.  Under 
different  experimental  conditions,  involving  higher  temperatures, 
an  oxide  corresponding  with  Fe304  has  been  obtained  (see  rart  III.). 

General  Conclusions. 

(1)  The  present  work  on  specimens  of  normalised  boiler  plate 
involved  the  simultaneous  action  of  prolonged  stress  and  the 
corrosive  influence  of  hot  strong  solutions  of  sodium  hydroxide.  In 
some  experimente  the  stress  was  concentrated  by  notehes  and  by 
driUed  holes.  No  important  attack  on  the  crystal  boundaries 
occurred,  a  fact  which  disagrees  in  some  measure  with  the  con- 
clusions of  Parr  and  Straub.  The  authors  consider  that  some  other 
factor,  which  is  necessary  to  give  rise  to  intercrystalline  cracking, 
was  not  introduced  into  the  experiments.  For  example,  such  a 
factor  might  be  one  which  would  permit  the  ready  entrance  of 
hydrogen  into  the  steel.  Attempts  to  introduce  hydrogen  into  the 
steel  by  electrolytic  means  have  not  so  far  produced  general  inter- 
crystalline breakdown.  The  results  of  these  experiments  have 
been  difiEicult  to  interpret  on  account  of  the  severity  of  the  general 
corrosion. 

(2)  When  specimens  of  normalised  boiler  plate  were  uniformly 
stressed  at  225°  C.  in  a  solution  of  high-purity  sodium  hydroxide 
to  which  a  small  amount  of  sodium  sihcate  had  been  added,  a 
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very  slight  amount  of  intercrystalline  cracking  took  place.  This 
attack  was  of  a  shallow  t3rpe  and  occurred  both  in  the  highly- 
stressed  metal  of  the  test  length  and  in  practically  unstressed 
metal  near  the  end  of  the  test-pieces.  Specimens  stressed  appre- 
ciably beyond  the  room-temperature  3deld  stress  fractured  in  a  few 
hours,  whilst  specimens  stressed  under  similar  conditions  in  a 
solution  of  high-purity  sodium  hydroxide  resisted  the  attack  for 
many  days.  Owing  to  the  excessive  influence  of  general  surface 
corrosion  in  these  strip  specimens,  it  is  doubtful  to  what  degree 
these  results  apply  to  material  of  plate  thickness. 

(3)  In  order  to  study  the  effect  of  stress  concentration,  both 
perforated  and  notched  specimens  were  stressed  at  226°  C.  in  a 
solution  of  commercial  sodium  hydroxide.  In  the  perforated  speci- 
mens where  regions  of  moderate  stress  concentration  existed, 
deterioration  of  the  metal  was  caused  by  the  steady  growth  of 
the  original  non-metallic  inclusions  in  the  steel.  A  different  effect, 
however,  occurred  in  the  regions  of  highly-localised  stress  in  notched 
specimens;  here  the  material  faUed  owing  to  cracking,  mainly 
transcrystalline,  but  occasionally  influenced  in  direction  by  the 
presence  of  a  crystal  grain  boundisuy. 

(4)  Heavily  cold- worked  boiler-plate  material,  uniformly  stressed 
at  225°  C,  and  exposed  to  commercial  sodium  hydroxide  solution 
resisted  for  long  periods  a  stress  which  would  have  caused  fracture 
of  a  normalised  specimen  of  the  same  material  in  a  few  hours 
when  tested  in  a  similar  manner. 

(6)  The  black  magnetic  oxide  formed  on  specimens  of  mild  steel 
when  exposed  to  sodium  hydroxide  solution  at  225°  C.  was  found 
by  analysis  to  correspond  closely  in  composition  with  FcgOg. 
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Part  III. — Exposure  of  Iron  and  Steel  Specimens  to  Sodium 
Hydroxide  Solutions  at  High  Temperature  and  Pressure. 

By  frank  ADCOCK,  M.B.E.,  D.Sc.  (assisted  by  A.  J.  COOK) 

(National  Physical  Labobatory). 

(Figs,  ae  to  80  -  puui  xv.  to  xvm.) 

Experiments  described  in  the  previous  section  (Part  II.)  showed 
that  when  boiler-plate  material  was  immersed  in  sodium  hydroxide 
solution  of  density  1*29  at  temperatures  up  to  260°  C.  and  main- 
tained under  a  stress  sufficient  to  cause  definite  yielding,  rupture 
occurred  in  a  few  hours.  This  confirmed  the  work  of  Parr  and 
Straub.^  On  the  other  hand,  inspection  of  many  test-pieces  sub- 
jected to  combined  stress  and  caustic  attack  failed  to  reveal  inter- 
crystalline  cracks.  In  this  respect  the  results  of  the  authors 
d^ered  from  those  of  the  earlier  workers.  The  position  has  been 
rendered  more  confused  by  the  recent  publication  of  work  which 
has  raised  doubts  concerning  several  factors  that  at  one  time  were 
accepted  as  proven.  It  was  clear  that  additional  experimental 
evidence  would  be  required  before  the  mechanism  of  the  caustic 
cracking  of  boiler  plates  could  be  elucidated.  It  seemed  that  the 
problem  was  a  complex  one  and  that  a  simple  solution  was  unlikely. 

It  was  decided,  in  the  first  instance,  to  study  the  reaction 
between  iron  and  steel  and  sodium  hydroxide  solution  at  high 
temperatures  in  small  sealed  cylinders.  Further  work  was  to 
depend  chiefly  on  the  preliminary  results  obtained.  Actually,  some 
interesting  but  erratic  results  were  obtained  from  the  sealed  cylinders, 
and  the  research  was  continued  by  making  use  of  a  silver-lined 
steel  tube  as  a  pressure  vessel.  A  certain  amount  of  attention  was 
also  devoted  to  subsidiary  problems  which  arose  from  time  to  time. 

Tests  with  Small  Sbaled  Cylinders. 

The  cylinders  were  |  in.  in  dia.  by  f  in.  long,  with  a  central 
hole  ^  in.  in  dia.  by  -^  in.  long.  Sodium  hydroxide  solution  or  some 
other  substance  was  placed  in  the  cavity,  which  was  then  sealed 
by  a  cupro-nickel  washer  and  an  external  clamp.  Details  of  the 
cylinder  and  clamps  are  given  in  Fig.  21.  In  order  to  secure  a 
tight  joint  it  was  found  necessary  to  machine  carefully  the  end  of 
the  cylinder  and  to  coat  it  electrolytically  with  copper.  Once  the 
cylinder  was  sealed,  the  clamp  and  the  cylinder  within  it  were 
placed  inside  a  thermostatically-controlled  furnace.  Observations 
of  temperature  were  made  by  means  of  a  thermocouple  contained 
in  a  silica  sheath,  which  passed  through  the  central  hole  in  the 
clamp  and  rested  on  the  end  of  the  cylinder.     That  portion  of  the 

*  Parr  and  Straub,  University  of  Illinois  Engineering  Experiment  Station, 
1928,  BxaUUn  No.  177. 
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clamp   which  oompreBsed  the  cupro-nickel  washer  was  made  of 
high-teneile  steel,  the  other  parte  of  the  clunp  being  of  mild  stoel. 


Although  some  tests  were  made  at  temperatures  as  low  &a  226°  C, 
most  of  the  early  experiments  were  conducted  at  470°  C. 

Testa  on  Iron  and  Steel  at  470°  C. 

In  general,  the  Bpecimens  were  attacked  rapidly  at  470°  C.  and 
a  large  number  of  comparatiTe  testfl  could  be  quickly  made.  It 
was  concluded  from  these  ezperimenta  that  ingot  iron  and  straight 
steels  of  various  carbon  contents  all  rapidly  develop  intercrystalune 
cracking  when  subjected  to  the  action  of  either  pure  or  commercial 
sodium  hydroxide  solution.  The  depth  of  cracking  around  the 
central  hole  in  the  hardened  and  tempered  steel  {carbon  1-2%) 
will  be  seen  from  Fig.  26.  In  this  case  the  magni£eation  is  too 
low  to  show  the  nature  of  the  cracking. 

TeMs  on  Boiler-plate  Material  at  Temperatures  Ranging  from  225° 
to  470°  C. 
As  it  was  of  considerable  interest  to  ascertain  the  lowest  tem- 
perature at  which  this  form  of  intercrystalline  attack  occurred, 
further  tests  were  made  on  cylinders  of  boiler-plate  material  over  a 
temperature  range  of  225°  to  470°  C.  No  intercrystalline  pene- 
tration was  detected  in  a  specimen  held  for  one  month  at  225°  C. 
On  the  other  hand,  a  cylinder  held  at  310°  C.  for  3  weeks  showed 
considerable  intcreryetalline  penetration.  Fig.  27  depicts  the 
appearance  of  the  polished  and  etched  metal  close  to  the  central 
hole.  The  oxide  is  present  both  in  the  massive  form  and  as  rela- 
tively fine  intercrjstaUine  films.  At  360°  C.  considerable  inter- 
crystalline cracking  occurred  in  6  days  (Fig.  28).  When  the  tem- 
perature was  raised  to  400°  C.,  apparently  isolated  intercrystalline 
cracks  appeared  at  a  distance  from  the  central  hole,  often  at  the 
edge  of  the  pearlite,  the  structure  of  which  was  somewhat  modified 
close  to  the  crack.  A  typical  example  is  given  in  Fig.  29.  Tests 
at  47(1°  C.  resulted  both  in  intercrystalline  cracking  and  in  de- 
carburisation  as  indicated  by  the  disappearance  of  the  pearlite. 
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Ab  will  be  discussed  later,  some  of  the  carbon  is  removed  iq  the 
form  of  hydrocarbons.  The  depth  from  which  the  pearlite  was 
removed  is  shown  in  Fig.  30,  but  the  magnification  is  not  high 
enough  to  show  clearly  the  intercrystalline  cracks  which  extend 
well  beyond  this  decarburised  zone.  Appreciable  decaxburisation 
as  shown  by  the  removal  of  the  pearlite  only  occurred  in  tests 
lasting  up  to  48  hr.  at  temperatures  of  400°  C.  or  above. 

From  this  series  of  experiments  it  appears  that  destructive 
intercrystcJline  cracking  of  boiler-plate  material  may  occur  in  the 
presence  of  sodium  hydroxide  of  high  purity  at  temperatures  as 
low  as  310*^  C. 

Tests  at  420°  to  470°  C.  on  Boiler-Plate  Material  with   Various 
Substances  in  the  Cavity. 

In  order  to  ascertain  to  what  degree  sodium  hydroxide  solution 
was  peculiar  in  causing  intercrystalline  cracking,  tests  were  made 
at  420-470°  C.  on  cylinders  of  boiler-plate  material  with  the  follow- 
ing substances  in  the  cavities  :  Distilled  water ;  solid  sodium  hydr- 
oxide; metallic  sodium;  distilled  water  and  mercury;  distilled 
water  and  tin;  sodium  nitrate  solution  (25  g.  -f  100  c.c.  of  water) ; 
strong  sodium  silicate  solution;  and  potassium  hydroxide  solution 
equivalent  in  strength  to  sodium  hydroxide  solution  of  density  1-29. 
It  was  concluded  that  intercrystalline  attack  only  occurs  in  short- 
time  tests  when  both  caustic  and  water  (vapour)  are  present  in 
the  sealed  cavity.  Further,  the  action  of  potassium  hydroxide  is 
similar  to  that  of  sodium  hydroxide. 

Tests  on  Various  Ferrous  Materials  at  420°  to  470°  C,  with  Commercial 
or  High-Purity  Sodium  Hydroxide  Solution  in  the  Cavity, 

Both  cold-rolled  and  nitrided  boiler-plate  material  suffered 
intercrystalline  attack  at  420°  C.  in  the  presence  of  commercial 
sodium  hydroxide  solution.  A  5%  nickel  steel  was  next  tested  at 
470°  C,  and  Figs.  31  and  32,  at  low  and  high  magnifications, 
respectively,  show  the  polished  and  etched  specimen  after  test. 
The  general  zone  of  attack  is  indicated  in  Fig.  31,  while  Fig.  32 
shows  that  the  cracking  is  intercrystalline.  Two  copper- bearing 
steels  containing  respectively  0-28%  and  0-98%  of  copper,  also 
developed  serious  intercrystalline  cracking  during  the  tests.  An 
austenitic  steel  (chromium  18%,  nickel  8%,  with  additional  elements) 
developed  several  large  cracks  under  test,  which  appeared  to  be 
intercrystaUine.  Fig.  33  shows  a  polished  and  etched  section  of 
this  material  containing  a  typical  crack. 

Nickel  washers  were  used  to  seal  the  cylinder  cavities  in  some 
of  the  earlier  tests,  but  this  material  did  not  prove  satisfactory. 
The  reason  will  be  apparent  on  inspection  of  Fig.  34,  which  shows 
the  polished  and  etched  section  of  a  nickel  washer  after  test.  The 
material,  which  was  subjected  to  considerable  mechanical  stress, 
had  developed  general  intercrystaUine  weakness. 
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Otneral  Observations  Based  on  ike  ExperimetUs  with  Small  Pram/re 
Cylinders. 

At  the  oonclusioa  of  most  of  the  experiments  at  high  tem- 
perature, gas  under  high  pressure  was  present  in  the  cavity.  By 
means  of  the  apparatus  shown  in  Fig.  22,  a  smali  hole  was  driiled 
through  the  cupro-nickel  sealing  washer  and  the  escaping  gas 
collected  over  water,  A  cylinder  of  boiler-plate  material  con- 
tained a  mixture  of  23%  of  methane  and  77%  of  hydrogen  under 
an  estimated  pressure  of  70  atm,  (when  cold).  The  gas  remaining 
in  the  cavity  of  a  cylinder  of  drill-temper  steel  (carbon  r2%) 
appeared  to  be  entirely  methane.  These  results  must  be  regarded 
as  approximations,  since  methane  is  rather  soluble  in  water. 

All  the  materials  tested  in  the  form  of  sealed  cylinders  were 
shown  to  be  susceptible  to  intercrystalline  cracking,  but  it  was 


impossible  to  ignore  tde  fact  that  many  experiments  did  not  give 
rise  to  any  attack  beyond  superficial  oxidation.  At  first  these 
failures  were  attributed  (with  some  justification)  to  leakage  due  to 
faulty  sealing,  but  this  explanation  was  not  valid  for  later  experi- 
ments in  which  Uquid  stUl  remained  in  the  cavity  after  an  un- 
successful run.  When  pairs  of  cylinders  of  the  same  material 
were  subjected  to  identical  temperature  and  chemical  conditions, 
one  cylinder  would  frequently  show  heavy  intercrystalline  penetra- 
tion while  the  other  would  remain  practically  unattaoked. 

An  attempt  was  made  to  simulate  boiler  conditions  more  closely 
by  means  of  long  narrow  and  rather  thin-walled  cylinders  subjected 
to  a  tensile  stress  of  C  tons  per  aq.  in.  during  the  action  of  sodium 
hydroxide  solution  (in  the  cavity)  at  high  temperature.  None  of 
these    cylinders,    however,    suffered    appreciable    intereiystalline 
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attack.  In  view  of  the  erratic  results  and  the  complete  lack  of 
knowledge  of  conditions  existing  in  the  cavities  at  high  temperature, 
it  was  decided  to  make  further  experiments  in  which  the  specimen 
under  test  was  placed  inside  a  container  resistant  to  the  action  of 
sodium  hydroxide  solution. 

TbSTS   made   in   CONNKOnON    WITH   A   SiLVBR-LlNBD    PbBSSUBB 

Vbssbl. 

The  pressure  vessel  (Fig.  23)  consisted  essentially  of  an  alloy- 
steel  tube  18  in.  long,  f  in.  in  external  dia.  and  with  a  bore  of 
0*312  in.  after  slight  machining.     It  was  intended  that  the  reactions 
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A  —  Dial  gauge  to  indicate  deflection  of  diaphragm. 
B  =  Sealing  cap. 

C  =  Water-cooled  clamp  for  introducing  heating  current  into  tube. 
D  =  Silver  plugs. 

E  —  Specimen  under  test  held  in  central  position  by  silver  wires  extending 
from  silver  plugs. 

Fio.  23. — Silver-Lined  Pressure  Tube.     Sections  of  one  end  and  central 

portion  of  tube. 

to  be  studied  should  take  place  inside  the  tube,  and  to  prevent 
contact  between  the  steel  and  the  sodium  hydroxide  solution  a 
thin- walled  silver  lining  was  fitted  inside  the  tube.  At  both  ends 
of  the  steel  tube  the  bore  was  chamfered  internally  and  the  silver 
liner  expanded  or  flanged  over  the  ends  in  such  a  way  that  seals 
could  be  readily  made  by  diaphragms  of  spring  steel.  These 
diaphragms  were  faced  on  the  solution  side  with  a  thin  disc  of 


122  P    IKTSBGBTSTALLINB  OBAOKINO  IN  BOILBB  VLATEB. — ^PART  m. 

silver  and  held  in  position  by  the  screwed  end-caps.  For  many 
experiments  the  reaction  space  was  limited  to  a  length  of  4  in. 
in  the  centre  of  the  tube  by  inserting  closely-fitting  rods  of  silver 
7  in.  in  length  at  each  end.  The  solution  was  thus  in  contact  with 
silver  except  for  the  specimen  imder  test.  One  end-cap  carried  a 
dial  gauge  (of  a  type  used  in  measuring  the  thickness  of  material), 
and  this  was  arranged  to  measure  the  deflection  of  the  diaphragm. 
As  diaphragms  of  the  same  material  and  thickness  had  been  already 
calibrated  with  the  gauge  by  means  of  a  pressure  testing  machine, 
it  was  possible  to  estimate  the  pressure  in  the  tube  at  any  stage 
of  the  experiment. 

The  diaphragm  at  the  other  end  of  the  tube  was  somewhat 
thinner,  and  acted  as  a  safety  release  by  bursting  should  the 
pressure  attain  5  tons  per  sq.  in.  As  suitable  electrical  equipment 
was  already  available,  it  was  foimd  convenient  to  heat  the  tube 
by  passing  along  its  length  an  alternating  current  of  about  1000  amp. 
at  less  than  one  volt.  The  current  was  carried  to  the  tube  by 
water-cooled  steel  clamps  fixed  near  the  ends,  the  tube  being 
slightly  lagged  with  asbestos  string  between  the  clamps.  These 
clamps  were  also  used  to  prevent  the  tube  from  rotating  when 
screwing  or  imscrcwing  the  sealing  caps.  Temperatures  were 
closely  maintained  by  means  of  a  thermocouple  boimd  closely  to 
the  tube  and  operating  in  conjimction  with  a  furnace  temperature- 
controUer.  During  experiments  which  lasted  overnight,  or  longer, 
evidence  that  the  temperature  had  been  properly  regulated  was 
obtained  by  means  of  an  independent  thermocouple  connected 
with  a  temperature  recorder.  It  was  assumed  that  the  tempera- 
ture of  the  reaction  space  was  very  close  to  that  of  the  outside  of 
the  tube,  and  an  exploration  made  by  thermocouples  tightly  bound 
on  to  the  outside  of  the  tube  revealed  that  the  variation  of  tem- 
perature over  the  central  4-in.  length  (the  reaction  space)  was  less 
than  10°  C. 

The  intercrystalline  cracking  of  boiler  plates  in  service  may 
occur  gradually  and  only  become  appreciable  after  a  considerable 
time.  It  was  impossible  to  conduct  many  long-period  experiments 
imitating  such  conditions  with  the  single  piece  of  apparatus  avail- 
able, but  one  test  lasting  17  days  was  made  at  300°  C.  In  this 
experiment  a  piece  of  boiler  plate,  previously  cold-worked,  was 
subjected  to  the  action  of  sodium  hydroxide  solution  of  density  1  '29. 
On  micro-examination,  after  test,  the  polished  and  etched  specimen 
was  found  to  contain  intercrystalline  cracks  near  areas  of  pearUte 
which  had  in  places  suffered  slight  decarburisation.  A  number  of 
experiments  lasting  17  hr.  approximately  and  at  a  temperature  of 
410°  C.  demonstrated  that  the  same  cold-worked  material  when  in 
contact  vnth  this  solution  developed  intercrystalline  cracks  similar 
to  those  produced  at  300°  C.  Although  the  short-time  tests  at 
the  higher  temperature  caused  somewhat  more  cracking,  it  was 
thought  that  such  tests  would  give  a  trustworthy  indication  of 
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the  results  likely  to  bo  obtained  with  longer  tests  at  lower  tem- 
peratures. Accordingly  many  short  experiments  were  made  at 
410°  C. 

Tests  on  Cold-Worked  Steel  at  410°  C. 

The  following  specimens,  all  of  which  had  been  previously  cold- 
worked,  were  subjected  to  the  action  of  1-29  density  sodium 
hydroxide  solution  at  410°  C.  for  17  hr.  : 

Samples  of  boiler  plate  containing  respectively  0*14%  and 
0-20%  of  carbon. 

Steels  containing  respectively  0'09%,  0-19%  and  1'1%  of 
carbon. 

Ingot  iron. 

Four  iron-carbon  alloys  of  high  purity  containing  respec- 
tively 0-031%,  0-15%,  0-16%  and  101%  of  carbon. 

Mild-steel  tubing. 

Two  samples  of  mild-steel  tubing,  not  deliberately  cold- 
worked  but  probably  not  fully  annealed  after  drawing. 

All  these  samples  developed  intercrystalline  cracks.  Fig.  35  shows 
the  cracks  in  a  piece  of  steel  tubing  after  treatment,  the  boundary 
cementite  and  pearlitic  areas  being  almost  entirely  destroyed. 

Tests  on  Annealed  Material  at  410°  C. 

The  boiler-plate  materials  and  mild  steels  behaved  quite  differ- 
ently when  fully  annealed,  and  were  found  to  be  free  from  cracks 
after  17  hr.  at  410°  C.  in  sodium  hydroxide  solution  of  1-29  density. 
On  the  other  hand,  the  1-1%  carbon  steel  and  the  four  high-purity 
alloys  developed  intercrystalline  cracks,  but  less  than  the  corre- 
sponding cold-worked  samples.  The  fact  that  the  commercial 
mild  steels  and  boiler  plate  behaved  similarly  to  each  other  but 
differently  from  the  high-purity  iron-carbon  alloys  will  be  discussed 
later. 

Tests  on  Specially  Treated  Steels, 

As  the  intercrystalline  cracks  produced  in  the  preceding  experi- 
ments were  associated  with  the  carbon-bearing  regions,  it  was 
thought  advisable  to  study  the  effect  of  treating  the  steels  in  such 
a  way  as  to  alter  the  size  of  the  carbide  particles  before  test. 

A  cold-worked  specimen  of  heavily  spheroidised  steel  con- 
taining 0-13%  of  carbon  was  treated  with  sodium  hydroxide  solution, 
density  1*29,  for  17  hr.  at  410°  C.  The  cracks  formed  were  inter- 
crystalline and  not  associated  in  any  way  with  carbide  particles 
remote  from  crystal  boundaries.  Another  sample  containing 
0-19%  of  carbon  was  held  for  15  min.  at  950°  C,  water- quenched 
and  tempered  at  410°  C.  for  24  hr.  One  end  was  cold-worked, 
and  the  whole  specimen  was  then  subjected  to  the  caustic  soda 
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attack  for  17  hr.  at  410°  C.     After  test  the  cold-worked  end  was 
found  to  contain  many  cracks  (Fig.  36). 

As  far  as  could  be  judged  in  a  martensitic  material,  theae  cracks 
were  intercrystalline  and  were  confined  to  the  oold-worked  end. 
A  certain  amount  of  the  martensitic  structure  was  deatrojed  near 
the  cracks.  It  was  concluded  from  these  two  experimenta  that 
the  state  of  division  of  the  oorbide  had  little  influence  on  the 
degree  of  cracking. 

Invesligalion  of  the  Mechantem  of  Cracking  of  Specimens  Subjected 
to  Caustic  AUack  in  a  Pressure  Tube. 
A  specimen  of  boiler  plate  which  had  developed  cracks  as  the 
result  of  sodium  hydroxide  attack  in  the  pressure  tube  was  drilled 
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to  pieces  in  the  apparatus  shown  in  Fig.  24.    The  gaa  evolved 
was  collected  over  mercury  and  gave  the  following  analysis  : 


CaiboD  UoDOilde. 


72-9% 


Altogether  the  gas  collected  amounted  to  about  ten  times  the 
volume  of  the  specimen  and  proved  to  be  mainly  methane.  A 
similar  test  on  the  original  steel,  not  cracked  by  the  caustic  action, 
gave  an  insignificant  quantity  of  gas. 
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In  general,  the  chemical  conditions  existing  inside  the  specimen 
during  the  caustic  attack  appeared  to  be  quite  different  from  those 
at  the  surface.  Although  the  surfaces  after  test  were  coated  with 
oxide,  yet  no  oxide  could  be  detected  in  the  cracks  which  had 
formed  in  the  interior.  The  mechanism  of  cracking  appeared  to 
be  as  follows :  Hydrogen  was  produced  near  the  surface  and 
diffused  into  the  metal,  where,  under  some  circumstances,  it 
attacked  the  carbide  particles.  This  reaction  produced  methane, 
which  was  unable  to  diffuse  out  of  the  metal  and  formed  the  inter- 
crystalline  cavities,  which  contained  the  gas  imder  high  pressure. 
The  oxidising  attack  was  confined  to  the  surface,  and  in  this 
region  the  carbide  particles  were  more  resistant  than  the  ferrite, 
as  was  most  clearly  shown  in  a  high-carbon  steel  (Fig.  37).  The 
oxide  coat  in  its  gradual  advance  into  the  metal  reached  some  of 
the  cavities,  formed  earlier  by  the  hydrogen  attack,  and  filled 
them  with  oxide.  That  the  cracks  were  formed  by  the  accumula- 
tion of  methane  was  confirmed  by  further  experiments.  A  piece 
of  boiler  plate  which  had  been  cracked  by  caustic  treatment  was 
heated  to  650°  C.  for  45  min.  Microscopic  examination  after 
polishing  and  etching  showed  that  the  cracks  had  become  some- 
what wider  and  that  minute  particles  of  cementite  had  formed 
near  their  edges  (Fig.  38).  This  suggests  that  the  methane  had 
first  widened  the  cracks  by  increased  pressure  on  heating  and 
later  recarburised  the  surrounding  iron.  Another  sample  (after 
caustic  attack)  was  heated  momentarily  to  about  900°  C,  and,  as 
will  be  seen  from  Fig.  39,  small,  newly-formed  pearhte  masses 
were  present  at  the  edges  of  the  cracks.  When  the  sample  was 
heated  for  an  appreciable  time  over  900°  C.  the  pearlite  areas 
were  of  normal  size  and  no  longer  associated  with  the  cracks.  As 
mentioned  earlier,  the  cold-worked  samples  of  commercial  mild 
steels  developed  intercrystalline  cracks  under  caustic  attack,  while 
the  corresponding  annealed  samples  did  not  suffer.  Both  cold- 
worked  and  annealed  samples  were  coated  with  oxide. 

High-purity  iron-carbon  alloys  which  had  been  allowed  to 
solidify  in  the  crucible  and  subsequently  annealed  cracked  under 
caustic  attack,  but  not  so  rapidly  as  the  same  materials  when 
cold-worked.  This  suggests  that  the  hydrogen  diffusing  through 
the  ferrite  can  only  attack  the  carbide  when  minute  (sub-micro- 
scopic) cavities  are  available  for  the  initial  quantities  of  methane 
produced.  Such  cavities  may  exist  in  cast  alloys  and  in  cold- 
worked  commercial  mild  steels,  but  not  in  steels  which  have  under- 
gone considerable  hot-working  and  subsequent  annealing.  This 
view  is  supported  by  the  behaviour  of  a  high-purity  iron-carbon 
alloy  (carbon  0-13%).  This  material  when  hot-forged  and  later 
annealed  cracked  much  less  readily  than  did  the  metal  in  the 
as- cast  and  subsequently  annealed  state. 

At  this  stage  it  appeared  that  the  caustic  attack  in  the  pressure 
tube  could  give  rise  to  intercrystalline  cracking  accompanied  by 
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decarburisation  of  a  type  closely  resembling  that  produced  at  hish 
temperatures  by  hydrogen  under  pressure.  To  test  this,  a  smidl- 
diameter  mild-steel  tube  was  fixed  inside  the  silver-lined  pressure 
vessel,  as  shown  diagrammatically  in  Fig.  25  (a  hydrogen  inlet 
was  provided  in  one  end-cap,  but  is  not  shown  in  the  figure).  When 
a  pressure  of  100  atm.  of  hydrogen  was  maintained  in  the  annular 
space  between  the  tubes  and  the  temperature  was  graduaUy  raised, 
an  increasing  amoimt  of  hydrogen  passed  through  the  walls  of  the 
small  tube.  At  400''  C.  this  rate  was  foimd  to  be  approximately 
0-05  c.c.  of  gas  per  min.  (at  atmospheric  pressure)  per  sq.  cm.  of 
tube  surface,  the  metal  being  about  1  mm.  thick.  There  was  no 
noticeable  difference  in  the  rate  of  flow  through  a  tube  in  the 
as-received  and  the  annealed  state.  On  the  other  hand,  typical 
intercrystcJline  cracks  accompanied  by^  decarburisation  occurred 
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A  =  Thin-walled  steel  tube  through  walls  of  which  hydrogen  pcuses. 
B  =  Silver-lined  steel  tube  sealed  by  end-caps. 

1*^0.  25. — Passage  of  Hydrogen  through  Steel  undergoing  Caustic  Attack 

(diagrammatic) . 

in  the  as-received  tube,  but  the  annealed  tube  appeared  to  be 
quite  imchanged. 

These  experiments  confirmed  the  belief  that  the  cracking  pro- 
duced in  the  pressure  tube  by  the  action  of  sodium  hydroxide  was 
almost  identical  with  that  produced  by  gaseous  hydrogen  under 
high  pressure.  The  exhaustive  article  by  Neumann  ^  describes  the 
latter  form  of  attack.  A  further  test  was  made  in  a  pressure 
tube  in  which  a  specimen  of  boiler  plate  was  placed  in  contact 
with  distilled  water  and  heated  to  410°  C.  for  5  days.  Inter- 
crystalline  attack  and  decarburisation  were  produced.  The  sodium 
hydroxide  solution  of  density  1*29  thus  acted  in  the  same 
manner  as  steam  but  more  rapidly.  This  was  probably  connected 
with  the  solubility  of  iron  oxide  in  caustic  soda  solution  at  nigh 
temperatures. 

Investigation  of  Oxide  Formed  in  the  Pressure  Tvbe, 

On  opening  the  pressure  tube  after  most  experiments  with 
caustic  solution  some  well-formed  glistening  octahedral  black 
crystals  of  iron  oxide  were  found  adhering  to  the  ends  of  the  silver 

1  Neumann,  Stahl  und  Eiaen,  1937,  vol.  57,  Aug.  12,  p.  889. 
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plugs  (Fig.  40).  These  crystals  were  about  1  mm.  in  dia.  and  had 
been  apparently  deposited  from  solution.  The  crystals  were 
magnetic,  and  X-ray  examination  showed  them  to  be  single  crystals 
of  cubic  structure.  Heating  for  2  hr.  in  air  at  600°  C.  failed  to 
alter  the  X-ray  structore  or  to  destroy  the  magnetic  properties. 
A  microchemical  investigation  showed  the  presence  of  ferrous 
iron.  The  absence  of  hydrogen  generation  when  the  oxide  was 
treated  with  acid  indicated  the  absence  of  metallic  iron.  Micro- 
scopic examination  of  a  crystal  showed  it  to  be  homogeneous  and 
free  from  cavities.  It  was  concluded  that  the  material  was  cubic 
^6304  deposited  directly  from  the  liquid.  In  view  of  the  possible 
importance  of  the  solubility  of  iron  oxide  in  sodium  hydroxide 
solutions  under  pressure  tube  conditions — ^in  connection  with  the 
caustic  cracking  of  actual  boiler  plates — ^the  following  experiment 
was  undertaken.  A  small  hoUow  silver  cylinder,  fitted  with  a 
powdered-silver  filter  at  each  end,  was  placed  in  a  slightly  cooler 
part  of  the  pressure  tube  while  a  steel  specimen  was  subjected  to 
caustic  attack.  After  the  experiment  octahedral  crystals  of  iron 
oxide  of  appreciable  size  were  found  inside  the  cylinder,  thus 
establishing  that  the  iron  oxide  had  been  transferred  in  some 
extremely  divided  form  (or  solution)  from  one  place  to  another. 
(The  filters  were  foimd  still  effective  after  test.)  The  deposition  of 
iron  oxide  at  a  distance  from  the  seat  of  formation  might  con- 
ceivably result  in  the  complete  sealing  of  a  crevice  in  a  boiler  and 
the  subsequent  development  of  excessive  pressures  in  the  enclosed 
space. 

Tests  made  ttnth  Concentrated  Solutions  of  Sodium  Hydroxide, 

During  some  of  the  earlier  experiments  in  which  specimens  were 
exposed  to  sodium  hydroxide  solution  of  density  1-29,  two  mild- 
steel  tubes,  one  fitting  closely  but  not  tightly  inside  the  other,  had 
been  placed  in  the  pressure  tube.  At  the  finish  of  the  experiment 
intercr3rstalline  attack,  as  shown  in  Fig.  41,  was  found  near  the 
outside  surface  of  the  inner  tube.  This  attack  was  very  different 
in  type  from  that  produced  by  the  caustic  of  density  1*29  and  was 
believed  to  be  due  to  the  gradual  concentration  of  the  sodium 
hydroxide  solution  in  the  crevice  between  the  tubes.  Accordingly, 
a  few  experiments  were  carried  out  with  solid  sodium  hydroxide 
and  with  very  strong  solutions.  First,  a  sample  of  cold-worked 
boiler  plate  was  treated  with  a  caustic  solution  (3  parts  of  NaOU  + 
1  part  of  HjO  by  weight,  approx.)  at  410°  C.  for  46  hr.  When  re- 
moved from  the  tube  after  the  experiment  the  specimen  was  dull 
white  and  almost  free  from  adhering  oxide.  Under  the  micro- 
scope the  interior  showed  the  usual  form  of  short  intercrystalline 
attack  associated  with  carbon-bearing  regions,  but  near  the  edges, 
as  will  be  seen  in  Fig.  42,  the  intercrystalline  cracks  were  more 
continuous  and  there  was  no  preferential  attack  in  the  carbon- 
beariag  zones.     In  further  tests  lasting  41  hr.  and  conducted  at 
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410°  C.  a  study  was  made  of  the  action  of  strong  sodium  hydroxide 
solutions  (3  parts  of  NaOH  +  1  part  of  HjO  by  weight,  approx.) 
on  the  following  materials  : 

Boiler  plates  containing  0-14%  and  0-20%  of  carbon, 
respectively. 

Steels  containing  0-09%,  0-19%  and  Ml%  of  carbon, 
respectively. 

Ingot  iron. 

High-purity  iron-carbon  alloy,  caxbon  1-01%. 

High-purity  iron-chromium  alloy,  chromium  11-9%. 

High-p\irity  iron-chromium-nitrogen  alloy,  chromium  11*8%, 
nitrogen  0-12%. 

Boiler  plate,  carbon  0-14%,  previously  worked  at  250**  C. 

Except  for  the  last-mentioned  specimen,  all  the  samples  were  fully 
annealed  and  then  one  end  was  cold-worked  prior  to  testing.  The 
commercial  steels  all  behaved  similarly,  showing  the  hydrogen 
type  of  cracking  in  their  interiors  where  the  metal  had  been  cold- 
worked  and  the  more  continuous  type  of  cracking  at  the  edges. 
This  latter  type  of  intercrystalline  cracking  associated  with  the 
attack  by  strong  caustic  solutions  occurred  without  distinction  in 
the  annealed  and  worked  metal.  At  certain  stages  of  the  attack, 
the  cracks  often  stopped  short  at  the  pearlite  areas,  as  shown  in 
Fig.  43,  which  depicts  at  a  high  magnification  a  polished  and  etched 
section  of  a  mild  steel  tube  after  strong  caustic  attack.  A  form  of 
intercrystalline  cracking  which  often  avoided  pearlitic  areas  was 
found  in  a  specimen  of  boiler  plate  after  attack  at  410°  C.  by  strong 
sodium  hydroxide  solution.  The  cracks  (Fig.  44)  were  character- 
ised by  many  spurs  or  pits  which  projected  into  the  crystal  grains. 
Occasionally  the  pits  were  well  defined  and  their  orientation  was 
the  same  throughout  individual  crystal  grains. 

Steel  specimens  which  had  been  previously  cold-worked  and 
then  exposed  to  strong  sodium  hydroxide  solution  frequently 
revealed  zones  where  both  forms  of  intercrystalline  attack  were 
present.  Thus,  Fig.  45  shows  that  cracking  not  only  occurs  along- 
side pearlitic  areas  (hydrogen  type  of  cracking)  but  also  at  crystal 
boundaries  where  carbide  had  apparently  been  absent  (oxidising 
type  of  cracking).  This  dual  form  of  intercrystalline  attack 
would  necessarily  reduce  the  mechanical  strength  to  negligible 
proportions. 

Under  the  action  of  the  alkali  the  high-purity  1-01%  carbon 
iron  alloy  was  disintegrated  into  what  appeared  to  be  large  crystal 
grains  with  facets.  On  the  other  hand,  the  iron-chromium  and 
the  iron-chromium-nitrogen  alloys  suffered  no  intercrystalline 
attack  under  similar  conditions.  The  sample  of  boiler  plate  which 
had  been  worked  at  250°  C.  developed  intercrystalline  attack 
similar  to  that  undergone  by  the  cold-worked  metal. 
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Miscellaneous  Tests  in  the  Silver-Lined  Pressure  Tube. 

In  practice,  sodium  sulphate  is  sometimes  added  to  boiler 
waters  to  avoid  the  risk  of  caustic  cracking  of  the  boiler  plates. 
It  has  been  suggested  that  the  protecting  action  of  sodium  sulphate 
might  in  some  way  be  connected  with  the  production  of  iron  oxide 
of  a  different  form  from  that  obtained  by  the  action  of  pure  caustic 
solution.  Accordingly,  a  mild-steel  specimen  was  acted  on  at 
410**  C.  for  17  hr.  by  a  solution  of  the  following  composition : 
HjO,  25  C.C.;  NaOH,  9-2  g.;  Na2SO4.10H2O,  16-3  g.  Much  inter- 
crystalline  cracking  occurred,  and  the  iron  oxide  crystals  deposited 
in  the  cooled  parts  of  the  tube  were  (as  far  as  could  be  judged  by 
using  a  lens)  identical  with  those  deposited  from  the  pure  sodium 
hydroxide  solutions. 

An  experiment  was  also  made  in  which  the  pure  sodium  hydroxide 
solution  was  replaced  by  one  containing  :  H2O,  25  c.c. ;  NaOH, 
9-2  g. ;  NajCOg,  4*6  g.  The  usual  intercrystalline  cracking  occurred, 
but  it  was  skccompanied  by  an  intense  corrosion  at  the  surface  of 
the  metal.  Many  oxide  spurs  of  the  blunt  type,  often  found  in 
corroded  boiler  plates,  were  observed  in  this  specimen. 

Long-Pbriod  Tests  Conducted  in  Sealed  Steel  Tubes. 

Owing  to  lack  of  time  it  was  impossible  to  conduct  a  number 
of  long-period  tests  in  the  silver-lined  pressure  vessel.  Three 
tests,  one  lasting  60  days,  were,  therefore,  made  with  mild-steel 
specimens  in  contact  with  sodium  hydroxide  solution  of  density  1  -29 
contained  in  long  thick- walled  steel  tubes.  Each  tube  was  plugged 
with  steel  rods,  so  as  to  leave  only  a  short  length  of  the  bore  un- 
obstructed near  the  centre  of  the  tube,  this  space  containing  the 
specimen  and  the  reacting  solution.  Finally,  the  tubes  were  sealed 
by  screwed  caps  silver-soldered  in  position.  Thermocouples  for 
indicating  temperatures  were  tightly  bound  on  the  tubes  and  the 
temperatures  maintained  within  ±  1^°  C.  by  electric  heating.  The 
oen^l  parts  of  the  tubes  were  heated,  but  the  ends  remained 
relatively  cold.  The  first  test  conducted  at  310°  C.  for  20  days 
resulted  in  decarburisation  and  cracking  of  the  specimen  very 
similar  to  that  obtained  in  the  short-time  test  with  sodium  hydroxide 
solution,  density  1'29  (18  hr.  at  410°  C).  On  the  other  hand,  the 
specimens  treated  at  275°  C.  for  39  days  and  at  150°  C.  for  60  days 
showed  no  appreciable  decarburisation  or  cracking  of  the  hydrogen 
type.  In  both  these  samples  the  heavy  surface  corrosion  had 
extended  into  the  body  of  the  metal  in  the  form  of  oxide  spurs 
which  were  partly  intercrystalline  and  partly  transcrystalline. 
Pigs.  46  and  47  show  polished  and  etched  areas  of  the  specimen 
after  the  test  at  275°  C.  The  treatment  at  150°  C.  resulted  in 
cracks  mainly,  but  not  entirely,  transcrystalline  (Fig.  48). 

Th^  long-period  tests  revealed  that  destructive  cracking 
might  occur  during  the  caustic  attack  on  steel  at  quite  low  tem- 
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peratures,  but  a  considerable  number  of  experiments  would  be 
desirable  before  detailed  conclusions  oould  be  drawn.  One  com- 
plication is  the  progressive  concentration  of  the  sodium  hydroxide 
solution  which  must  occur  as  a  result  of  the  gradual  diffusion  of 
hydrogen  through  the  steel  tube  and  the  formation  of  iron  oxide. 

The  Action  op  Conokntbatbd  Sodium  Htdboxidb  at  Low 

Steam  and  Hydrogen  Pressures. 

A  specimen  of  boiler-plate  material  and  some  solid  sodium 
hydroxide  were  placed  in  a  vertical  silver-lined  steel  tube,  closed 
at  the  base.  The  tube  was  heated  to  410^  C.  and  was  of  sufficient 
length  to  impart  considerable  superheat  to  a  small  supply  of  steam 
which  was  passed  down  a  narrow  steel  tube  and  blown  on  to  the 
specimen.  After  a  test  lasting  67  hr.  the  boiler-plate  sample  was 
coated  with  reddish  oxide  and  showed  considerable  surface  corro- 
sion. No  intercrystalline  penetration  of  any  kind  could  be  detected. 
In  this  single  experiment,  to  the  result  of  which  too  much  weight 
should  not  be  given,  it  is  shown  that  cracking  does  not  take  place 
in  the  absence  of  hydrogen  and  steam  pressures. 

An  attempt  was  made  to  differentiate  between  the  influence  of 
steam  and  of  hydrogen  pressures  in  an  experiment  in  the  silver- 
lined  pressure  tube,  where  a  specimen  of  boiler  material  was  sub- 
jected to  the  action  of  strong  caustic  solution  at  410^  C.  During 
an  experiment  lasting  37J  hr.  the  tube  was  cooled  temporarily 
every  4  hr.  and  the  hydrogen  released  by  means  of  a  special  valve. 
Examination  of  the  specimen  at  the  conclusion  of  the  test  showed 
that  intercrystalline  penetration  had  occurred  to  a  depth  of  only 
one  or  two  crystal  grains.  This  suggests  that  some  pressure  of 
hydrogen  is  essential  for  the  development  of  intercrystalline 
cracking  during  caustic  attack. 

Tests  on  Steel  Wire  at  Room  Temperature. 

Steel  wire  containing  0-13%  of  carbon  was  vacuum-annealed, 
and  then  had  a  tensile  strength  of  28-3  tons  per  sq.  in.  When 
an  annealed  wire  was  loaded  to  19-3  tons  per  sq.  in.  and  made 
the  cathode  in  a  10%  sulphuric  acid  bath  (c.d.  1  amp.  per  sq.  in.) 
fracture  took  place  in  25  min.  A  slight  initial  extension  of  the 
wire  occurred  on  loading,  the  diameter  being  reduced  from  0-036 
to  0-035  in.,  but  the  fracture  was  not  accompanied  by  any  further 
general  extension  or  local  "  necking."  Fig.  49,  which  represents 
a  region  quite  close  to  the  main  fracture,  demonstrates  that  the 
rupture  was  transcrystalline. 

C0NCT.US10NS. 

The  experiments  in  the  silver- lined  pressure  tube  show  that 
when  fabricated  steel  plate  was  acted  on,  at  410^  C,  by  sodium 
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hydroxide  solution  of  medium  strength  (35  parts  of  NaOH  +  100 
parts  of  H^O,  by  weight)  no  intercrystalline  cracking  occurred, 
provided  that  the  material  was  in  the  annealed  condition.  On  the 
other  hand,  the  corresponding  cold-worked  material  developed, 
throughout  most  of  the  sample,  intercrystalline  cracking  of  a  some- 
what discontinuous  type  associated  with  the  carbon-bearing  areas 
and  probably  identical  with  that  produced  by  high-pressure  hydrogen 
at  high  temperatures.  This  type  of  cracking  was  also  produced  in 
17  days  at  300°  C.  Although  the  cracking  at  410°  C,  and  to  a 
lesser  extent  at  300°  C,  was  associated  with  the  decarbunsation  of 
the  pearlitio  areas,  this  effect  was  often  absent  in  the  early  stages 
of  the  attack,  as  indicated  in  Fig.  50.  The  combined  pressure  of 
hydrogen  and  steam  often  rose  to  3  tons  per  sq.  in.  in  the  silver- 
lined  tube  towards  the  end  of  an  experiment  at  410°  C,  audit  is 
possible  that  the  difference  in  behaviour  between  annealed  and 
cold-worked  material  may  hold  strictly  only  for  these  particular 
experimental  conditions.  It  is  safe  to  assume,  however,  that 
cold-working  the  steel  increases  its  susceptibility  to  the  hydrogen 
type  of  intercrystalline  cracking.  As  mentioned  previously,  this 
type  of  intercrystalline  cracking  is  apparently  caused  by  hydrogen, 
generated  at  the  metal  surface,  diffusing  into  the  metal  and  reacting 
with  iron  carbide  at  or  near  crystal  boimdaries.  Methane  is 
formed  and,  being  unable  to  escape  by  diffusion,  collects  under 
great  pressure  in  the  intercrystalline  crevices,  which  are  thereby 
extended.  The  initial  stages  of  this  process  are  favoured  by  the 
presence  of  sub-microscopic  cavities  believed  to  be  present  at 
the  crystal  boundaries  of  as-cast  and  cold-worked  steels.  Unless  the 
cracks  were  in  communication  with  the  outer  oxide  layer  on  the 
metal  surface  they  did  not  contain  oxide. 

With  caustic  solutions  of  much  higher  concentration,  inter- 
crystalline attack  of  another  type  was  produced  in  steel  specimens 
treated  at  410°  C.  These  cracks  tended  to  form  a  more  continuous 
network  penetrating  the  metal  from  the  outer  oxide  coat.  In  the 
early  stages,  however,  the  cracks  often  stopped  short  at  the  carbon- 
beanng  regions  (see  Fig.  43).  These  cracks  were  usually  filled  with 
oxide  (termed  for  convenience  cracks  of  the  oxidising  type),  and 
differed  &om  the  hydrogen  type  of  cracking,  as  they  penetrated 
annealed  or  cold- worked  steel,  as  far  as  could  be  judged,  with 
equal  facility.  Again,  cracks  of  the  hydrogen  type  were  often 
found  throughout  the  whole  mass  of  a  cold-worked  specimen,  while 
those  of  the  oxidising  type  existed  in  patches  always  in  communica- 
tion with  the  outer  oxide  coat.  Both  types  of  cracking  may  be 
present  in  a  steel  sample,  as  is  demonstrated  in  Fig.  45,  where 
cracks  will  be  seen  not  only  alongside  poarlitic  areas  but  also  in 
regions  where  the  carbon-bearing  constituent  is  absent.  The  effect  on 
the  mechanical  properties  of  such  a  dual  attack  would  be  very  serious. 

It  was  not  possible  to  make  long-period  experiments  with  strong 
caustic  solutions  in  the  silver- lined  pressure  vessel  at  temperatures 
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below  410°  C,  but  the  experiments  made  at  360**  C,  276''  C.  and 
160°  C.  in  the  sealed  steel  tubes  showed  how  destructive  cracking 
might  occur  at  these  temperatures.  Although  these  tubes  originally 
contained  the  weaker  caustic  solution  (density  1-29),  a  gradual 
concentration  occurred,  owing  to  the  formation  of  iron  oxide  and 
the  escape  by  diffusion  of  hydrogen. 

Since  the  experiments  with  superheated  steam  at  atmospheric 
pressure  in  the  presence  of  caustic  and  also  in  the  silver-lined 
pressure  tube  with  a  periodic  release  of  hydrogen  did  not  give  rise 
to  serious  cracking,  it  seems  probable  that  a  degree  of  hydrogen 
pressure  is  required  at  some  stage  in  the  attack  to  bring  about 
intercrystalline  cracking  even  of  the  oxidising  type.  That  the 
penetration  of  hydrogen  may  rapidly  weaken  steel  even  at  room 
temperature  was  shown  by  the  experiment  in  which  a  stressed 
steel  wire  was  made  the  cathode  in  an  electrolytic  bath.  Experi- 
ments with  powdered-silver  filters  demonstrated  that  dense  masses 
of  iron  oxide  could  be  deposited  at  a  distance  &om  the  place  of 
original  formation  of  this  material.  This  is  regarded  as  important, 
since  the  crevices  in  a  boiler  may  become  sealed  in  this  manner 
and  high  hydrogen  or  steam  TO^ssures  may  develop  within  them. 
The  oxide  is  apparently  cubic  Fe804. 

At  lower  temperatures  the  oxide  penetration  in  the  steel  is 
often  partly  transcrystalline  and  partly  intercrystalline.  The  trans- 
crystalline  nature  of  the  cracks  was  especially  marked  in  the 
specimen  treated  for  60  days  at  160°  G.  In  this  connection  the 
author  ventures  to  express  the  opinion  that  destructive  caustic 
cracking  in  boilers  is  not  always  entirely  intercrystalline — ^the 
structures  are  often  difficult  to  interpret  and  there  has  been,  per- 
haps, a  tendency  for  writers  to  select  for  their  micrographs  fields 
emphasising  the  intercrystalline  character  of  the  attack. 

In  view  of  the  part  played  by  the  carbon-bearing  regions  of 
steel  in  giving  rise  to  cracks  during  caustic  attack,  the  behaviour 
of  carbon-free  high-purity  iron  is  of  special  interest.  Unfortu- 
nately, the  samples  of  high-purity  iron  available  revealed  inter- 
crystalline weakness  in  cold-working  before  exposure  to  caustic 
solution.  In  spite  of  this,  no  certain  evidence  could  be  obtained 
of  the  occurrence  of  the  hydrogen  type  of  intercrystalline  attack. 
On  the  other  hand,  a  sample  of  high-purity  iron  readily  developed 
a  network  of  intercrystalline  cracks  of  the  oxidising  type  on  exposure 
to  strong  sodium  hydroxide  solution. 

Finally,  this  investigation,  although  incomplete,  has  shown 
that  the  reaction  between  steel  and  sodium  hydroxide  solution  at 
elevated  temperatures  is  complex.  At  least  two  distinct  modes  of 
intercrystalline  cracking  were  detected  under  laboratory  tests,  and 
it  is  probable  that  both  forms  contribute  to  the  caustic  cracking 
of  boiler  plates  under  service  conditions. 
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Part  IV.— Strain-Etch  Markings  in  Boiler-Plate  Material  of 

Acid  Open-Hearth  Manufacture, 

By  frank  ADCOCK,  M.B.E..  D.Sc.  and  C.  H.  M.  JENKINS, 
D.Sc,  A.R.S.M.  (National  Physical  Laboratory). 

(Flgi.  51  to  S6  -  Plat«t  XDL  and  XX.) 

Although  it  is  well  known  that  strain-etch  markings  are  readily 
produced  in  strained  basic  Bessemer  steel,  their  development,  by  a 
short-time  etching  process  such  as  was  used  by  the  authors,  appears 
to  be  unusual  in  the  case  of  steel  made  by  the  open-hearth 
process.  Jevons  ^  tested  more  than  a  hundred  steels  which 
were  presumably  of  acid  open-hearth  origin  without  obtaining 
strain-etch  markings,  but  was  able  to  etch  a  German  boiler-plate 
steel  of  basic  origin  m  less  than  one  minute  and  produce  the 
characteristic  markings. 

The  observations  in  this  short  paper  are  selected  from  the 
results  of  a  larger  investigation ;  it  was  thought  desirable  to  publish 
them  in  their  present  form  in  view  of  the  general  interest  in  this 
subject.  Except  for  one  specimen  cut  from  a  corroded  marine 
boiler,  all  the  work  was  conducted  on  bars  and  riveted  joints  made 
of  boiler  plate  of  acid  open-hearth  manufacture.  The  analysis 
made  in  the  Laboratory  was  as  follows  : 

Carbon.  Silicon.  Sulphur.         Phosphorus.       Manganese.        Nitrogen. 

0-20%  0-03%         0028%        0036%         0-60%         0004% 

The  bars  and  joints  were  from  the  same  cast,  but  had  been  subjected 
to  different  rolling  processes  during  manufacture,  the  bars  being 
I  in.  thick,  while  the  experimental  joints  were  fabricated  from  J -in. 
plate.  A  number  of  bars  were  first  subjected  to  various  mechanical 
tests,  then  the  surfaces  were  ground,  poUshed  and  etched  with 
Fry's  macro-reagent  *  for  5-10  min.  at  room  temperature.  Table  I. 
gives  particulars  of  these  tests,  together  with  the  results  of  the 
etching  treatment. 

The  results  in  Table  I.  suggest  that  well-defined  strain-etch 
markings  are  produced  only  in  material  which   has  undergone 

*  Jevons,  Journal  of  the  Iron  and  Steel  Institute,  1925,  No.  I.,  p.  191. 

•  Fry's  macro -reagent :   CuCl,.2H,0         .  90  g. 

H,0  .  .100  c.c. 

HCl  .  .  .  .120  c.c. 


^^_  |t^»     ■■■■■.    ^.1     >    .^  -■ m  CMl  ■ 
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deformation  at  elevated  temperatures.  Repeated  bending  is  un- 
necessary, as  item  4  in  the  Table  indicates  that  a  single  bend  will 
enable  strain-etch  markings  to  be  produced. 

Tablb  I. — Effects  of  Mechanical  Treatment,  wUh  or  toUhotU  (he 
Simultaneous  Action  of  Sodium  Hydroxide  Solution. 


Mechanical  and  Thermal  Treatment  of  Ban  of 
BoUer-Plat«  Material. 

Besolt  of  Suhaequent  Btohing  with  Fry's 
Macro-reagent. 

1. — As  received  from  manufacturer. 

2. — Repeated    bending    in    sodium 
hydroxide  solution  at  100**  C. 
(10    million    cycles).     (Stress 
ran^,    2*3    to    18*3  tons  per 
sq.  m.) 

3. — Repeated    bending    in    sodium 
hydroxide    solution    at     15- 
20** C.  (669,800  cycles).    (Stress 
ran^,  2*3  to  22*3    tons   per 
sq.  m.) 

4. — Bar   maintained   under   steady 
stress  of  25  tons  per  sq.  in.  in 
sodium  hydroxide  solution  at 
100**  C.  for  12  days. 

5. — Bar  bent  once  at  room  tempera- 
tvue  by  plunger  of  small  radius. 

No  strain-etch  markings. 

Well  developed  strain-etch  mark- 
ings (see  Fig.  51). 

No  definite  strain-etch  markings. 
Etching  of  bar  after  an  interval 
of    3    months    showed    feeble 
strain-etch  markings. 

* 

Well  defined  strain-etch  markings 
on  large  part  of  specimen. 

No  strain-etch  markings. 

It  was  possible,  with  some  difficulty,  to  develop  the  strain-etoh 
markings  on  the  narrow  sides  of  the  bars  and  it  was  concluded 
that  the  markings  were  really  traces,  on  the  surface,  of  planes  of 
disturbance  passing  through  the  metal  and  probably  related  to  the 
directions  of  maximum  shear  stress.  Hartmann,^  as  far  back  as 
1896,  made  use  of  acid  attack  on  steel  to  show  that  the  disturbed 
zones  of  a  steel  specimen  are  not  confined  to  the  surface.  Fig.  51 
shows,  after  etching  with  Fry*s  reagent,  a  specimen  which  had 
been  subjected  to  repeated  bending  in  caustic  soda  solution  at 
100*^  C. 

A  specially  fabricated  joint  of  boiler-plate  material  was  next 
examined  to  ascertain  the  conditions  existing  in  riveted  construc- 
tion. The  joint  had  not  been  in  service  nor  subjected  to  any 
mechanical  tests,  and  Fig.  52  shows  the  appearance  of  a  portion 
of  the  butt  strap,  etched  with  Fry's  reagent,  after  machining  away 
the  rivet  heads  and  a  small  depth  of  metal.  Besides  the  dark 
and  light  rings  round  the  rivets  and  the  fine  curved  lines  resulting 

^  Hartmann,  **  Distribution  des  deformations  dans  les  m^taux  soiunis  4 
des  efforts/*  p.  81.     Peu-is,  1896  :  Berger-Levrault  &  Cie. 
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from  the  riveting  of  the  plates,  broad  etch  markings,  all  lying 
roughly  in  the  same  direction,  cover  most  of  the  plate.  These  are 
believed  to  be  due  to  a  high  finishing  temperature  during  the 
rolling  of  the  plate.  Fell's  ^  results  suggest  that  this  temperature  is 
below  500**  C. 

It  has  been  previously  shown*  that  when  steel,  presumably 
of  basic  manufacture,  has  been  mechanically  treated  so  that  strain- 
etch  markings  would  develop  on  etching,  the  positions  of  the 
more  importemt  markings  are  indicated  when  the  specimen  is  tested 
by  the  magnetic-powder  method.  For  this  purpose  the  specimen 
18  maintained  in  a  magnetised  state,  and  a  liquid  containing  mag- 
netically susceptible  powder  of  reduced  iron  oxide  is  poured  over 
it.  The  authors  have  found  that  in  acid  open-hearth  steel  a  similar 
relationship  exists  between  the  magnetic-powder  patterns  and  the 
strain-etch  markings  in  the  bars  which  had  undergone  mechanical 
deformation  at  an  elevated  temperature.  This  is  apparent  &om  a 
comparison  of  Figs.  51  and  53.  As  is  well  known,  when  cracks 
are  present  the  magnetic-powder  method  gives  sharply  defined 
markings.  These  are  different  in  character  from  those  referred  to 
in  the  present  paper. 

Strain-etch  markings  of  the  type  developed  by  Fry's  macro- 
reagent  are  not  produced  by  the  majority  of  etching  reagents. 
The  mechanism  of  the  attack  by  Fry's  reagent  is  obscured  by  the 
drastic  action,  of  the  etching  solution.  By  adopting  a  special 
technique,  however,  it  has  been  possible  to  observe  at  a  high 
magnification  the  mode  of  attack  on  steel.  The  specimen  was  first 
etched  for  a  short  time  in  Fry's  reagent  (the  strain-etch  markings 
being  developed  faintly  by  this  process),  and  then  in  a  4%  solution 
of  nitric  acid  in  alcohol.  In  the  immediate  region  of  a  dark  strain- 
etch  marking,  examination  under  high  power  reveals  that  the 
attack  bears  some  relationship  to  the  crystal  boundaries.  This  is 
demonstrated  in  Fig.  54.  In  the  regions  where  the  strain-etch 
markings  were  not  developed,  the  steel  had  not  been  attacked  in 
this  manner,  although  general  etching  had  occurred. 

The  condition  of  the  steel  responsible  for  the  production  of 
strain-etch  markings  when  treated  with  Fry's  reagent  is  associated 
with  the  development  of  corrosion  defects  of  boiler  plates  during 
service.  This  is  strongly  suggested  by  Fig.  55,  wliich  represents  a 
polished  and  etched  section  of  plate  cut  from  a  corroded  marine 
boiler.  It  is  probable  that  the  plate  had  either  been  deformed  or 
strained  at  some  elevated  temperature  (but  below  500°  C.)  or  had 
been  cold-worked  during  the  construction  of  the  boiler  and  then 
exposed  to  a  similar  range  of  temperature  in  service.  The  method 
of  manufacture  of  this  boiler  plate  could  not  be  definitely  ascer- 

^  Fell,  Iron  and  Steel  Institute,  Carnegie  Scholarship  Memoirs,  1927,  vol.  16, 
p.  101. 

*  Wever  and  Otto,  MiUeilungen  aus  dem  Kaiser -Wilhelm-Institut  Jur 
Eisenfor^chung,  1930,  vol.  12,  p.  373. 
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tained,  although  it  was  believed  to  have  been  made  by  the  acid 
open-hearth  process. 

The  authors  desire  to  acknowledge  the  assistance  of  Mr.  C.  A. 
Harvey,  of  the  Metallurgy  Department,  in  the  experimental  work. 
The  mechanical  treatment  of  most  of  the  specimens  was  undertaken 
in  the  Engineering  Department. 


Part  V. — Some  Experiments  on  the  Behaviour  of  Specimens 
of  Boiler  Plate  and  Boiler  Joints  Subjected  to  Slow  Cycles 
of  Repeated  Bending  Stresses  wliile  Immersed  in  a  Boiling 
Aqueous  Solution. 

By  H.  J.  GOUGH,!  M.B.E.,  D.Sc,  F.R.S.,  M.I.Mbch.E.  (Loitoon),  and 
H.  V.  POLLARD,  A.M.I.Mbch.E.  (National  Physical  Laboratory). 

(Flp.  e2  to  74  -  FllU«l  XXL  to  XXVU.) 

I. — Statement  of  General  Objects  of  the  Reseabch  and 

Summary  of  Prinoipal  Results. 

The  causes  of  failure  of  boiler  plates  have  received  much  experi- 
mental attention.  Of  the  various  types  of  failure  encountered  in 
service,  probably  the  most  important  is  that  in  which  the  fracture 
is  essentially  intercrystalline  in  character,  the  cracking  showing  a 
marked  preferential — ^in  some  cases,  an  exclusive — tendency  to 
follow  the  grain  boundaries  of  the  steel. 

It  is  well  known  that  boiler  failure  is  not  always  characterised 
by  failure  of  an  intercrystalline  type.  In  many  cases  marked 
grooving  and  Assuring  have  been  encountered  in  various  parts  of 
boilers,  which  features  have  been  responsible  for  complete  failure 
or  withdrawal  from  service.  These  defects  are  usually  found  at 
sharply  curved  portions  or  other  places  where  local  stress  con- 
centrations exist;  cases  of  this  kind  which  have  been  examined 
at  the  National  Physical  Laboratory  exhibit  no  evidence  of  pre- 
ferential attack  along  grain  boundaries  of  the  type  which  suggests 
a  general  breakdown  between  the  crystal  grains.  Owing  to  "  breath- 
ing "  or  "  letting-down  "  of  the  boiler,  such  regions  will  be  sub- 
mitted to  cyclic  stressing  in  the  presence  of  a  corrosive  agent, 
which  supplies  the  conditions  requisite  for  the  type  of  accelerated 
failure  generally  described  as  corrosion-fatigue,^  which,  usually 
much  more  destructive  in  its  action  than  the  ordinary  form  of 
fatigue,  generally  produces  a  fracture  of  the  same  essentially  trans- 

*  Director  of  Scientific  Research,  Ministry  of  Supply  (formerly  War 
Office) ;  formerly  Superintendent,  Engineering  Department,  National  Physical 
Laboratory. 

>  H.  J.  Gough,  Journal  of  the  InatUuU  oj  Metals,  1932,  vol.  49,  p.  17. 
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crystalline  type,  often  accompanied,  however,  by  such  fissures  or 
grooves  at  the  surface  of  the  fracture  or  crack. 

It  is,  therefore,  possible  that  corrosion-fatigue  failure  may  be  a 
factor  in  some  cases  of  boiler  failure,  and  McAdam  ^^*  *•  ^  has 
attached  considerable  importance  to  this  possibility.  He  describes  ^ 
an  interesting  case  of  a  boiler  which  had  been  used  intermittently — 
about  1100  times,  each  for  a  period  of  one  day — during  its  eleven 
years  of  service.  The  boiler  exploded,  failure  occurring  at  the 
region  of  most  abrupt  curvature  in  the  head  of  a  steam  drum. 
Many  accessory  cracks,  all  located  entirely  below  the  water-level, 
were  of  the  type  associated  with  corrosion-fatigue  and  consisted  of 
a  deep  corrosion  pit,  lined  with  corrosion  products,  terminating  in  a 
sharp  fatigue  crack.  The  mechanical  conditions  of  the  service  of 
this  boiler  were  equivalent  to  the  application  of  1100  stress  cycles 
ranging  between  zero  and  a  maximum  at  an  average  frequency  of 
about  2  cycles  per  week;  the  water  contained  calcium  carbonate. 
McAdam  also  described  serious  pitting  damage  of  this  type  en- 
countered in  water  drums  of  Yarrow  boilers  in  service  for  about 
10  years.  In  discussing  these  failures  in  relation  to  his  experi- 
ments on  corrosion-fatigue  at  low  cycUc  frequency  and  to  the 
cases  of  failure  by  caustic  embrittlement,  McAdam  suggests  that 
"  it  seems  probable  that  intercrystalline  failure  at  seams  and  rivet 
holes  are  special  examples  of  failure  under  combined  stress  and 
corrosion."  With  regard  to  this  suggestion  it  may  be  mentioned 
that,  within  the  knowledge  of  the  present  authors,  McAdam  has 
not  yet  published  any  photomicrographs  or  other  evidence  that 
the  fractures  which  he  records  were,  in  fact,  predominantly  inter- 
crystalline in  character  as  is  usually  associated  with  the  term 
"  brittle  failure  by  caustic  embrittlement  "  as  used  in  Great  Britain. 
Nevertheless,  McAdam,  in  presenting  his  experiences  and  experi- 
mental data,  has  brought  to  notice  the  possible  influence  of  corro- 
sion-fatigue as  a  factor  in  the  general  problem  of  boiler  failure, 
which  suggestion  ought  not  to  be  ignored,  even  though  that  factor 
may  have  little  to  do  with  the  peculiar  type  of  failure  which  has. 
hitherto  attracted  major  attention.  His  work  and  suggestions 
were  very  carefully  considered,  and  led  to  the  initiation  of  the 
experiments  recorded  in  the  present  paper. 

It  was  considered  rather  unlikely,  in  view  of  previous 
experience,  that  corrosion-fatigue  conditions  would  result  in  a 
definitely  intercrystalline  type  of  failure;  more  probably,  studies 
of  the  behavioiu:  of  specimens  exposed  to  simultaneous  static 
stress  and   corrosion  would  achieve  this  result,  and  this  aspect 

^  D.  J.  McAdam,  Proceedings  of  the  International  Congress  on  Applied 
Mechanics,  Stockholm,  1930,  vol.  II.,  p.  269. 

■  D.  J.  McAdam,  Proceedings  of  the  Zurich  Congress  of  the  International 
Association  for  Testing  Materials,  1931,  p.  228. 

•  D.  J.  McAdam  and  R.  W.  Clyne,  Journal  of  Research  of  the  Bureau  of 
Standards,  1934,  voL  13,  No.  4,  Oct.,  p.  627. 
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of  the  problem  has  received  close  study  in  the  Metallurgy 
Department  of  the  National  Physical  Laboratory.  As  a  cor- 
relative investigation,  it  seemed  well  worth  while  to  carry  out  a 
few  tests  aimed  at  obtaining  some  information  as  to  the  extent  to 
which  corrosion-fatigue  conditions  may  be  of  importance  in  boiler 
failure,  in  view  of  the  many  points  of  resemblance  which  have 
been  observed  or  suspected.  The  essential  difference  between 
corrosion-fatigue  conditions  and  a  combination  of  static  stress  and 
corrosion  is,  of  course,  that  in  the  former  a  range  of  cyclic  stress  or 
strain  is  involved,  which  is  absent  from  the  latter ;  in  many  cases, 
a  range  of  cyclic  stressing  produces  much  greater  destruction  and 
quicker  failure  than  a  much  higher  value,  niunerically,  of  static 
stress.  It  is  extremely  difficult  to  determine — and  very  easy  to 
overestimate — ^the  extent  by  which  boilers  are,  in  fact,  submitted 
to  cyclic  stressing;  it  may,  however,  be  considered  as  entering 
into  the  boiler  problem  imder  at  least  three  conditions :  (1)  In 
which  the  boiler  shell  is  considered  as  being  subject  mainly  to  a 
steady  stress,  but  also  to  superimposed  stress  variations  due  to 
pressure  differences ;  (2)  in  which  the  boiler  shell  is  considered  as 
normally  under  a  steady  stress,  which  is  released  at  intervals  when 
the  boiler  is  "  let  down " ;  and  (3)  a  combination  of  conditions 
(1)  and  (2). 

The  first  condition  corresponds  to  the  application  of  a  faMy 
small  range  of  pulsating  stress,  but  appUed  very  much  more  fre- 
quently, in  general,  than  the  much  greater  range  of  re})eated  stress 
arising  under  the  second  condition.  As  repeated  applications  of  a 
large  range  of  stress  would  be  expected  to  produce  accelerated 
damage,  this  type  of  stressing  was  selected  for  the  experiments. 
Careful  consideration  was  also  given  to  the  most  suitable  cyclic 
frequency  to  be  employed.  Given  a  certain  convenient  total 
duration  of  test,  increased  cycles  can  be  obtained  by  raising  the 
testing  frequency.  It  has  been  established  that,  at  air  tempera- 
ture, what  may  be  termed  a  "  speed  effect "  exists  in  corrosion- 
fatigue  phenomena;  more  destructive  effects  are  obtained,  in  an 
equal  number  of  cycles,  as  the  cyclic  frequency  decreases.  This  is 
probably  merely  stating  indirectly  that,  under  corrosion  conditions, 
the  "  time  "  factor  is  of  great  importance  and  cannot  be  accelerated. 
Further,  cyclic  stressing  at  high  frequency  does  not  appear  to  be  a 
condition  operating  in  boiler  plant.  Weighing  up  these  various 
considerations,  it  was  concluded  that  a  study  of  the  effect  of  cycles 
of  repeated  stress  employing  a  low  cychc  frequency  would  be  the 
most  practicable  form  to  use  in  an  investigation  designed  to  examine 
the  degree  of  correlation  existing  between  boiler  failure  and  corro- 
sion-fatigue. 

Concerning  the  type  of  stressing  to  be  employed,  repeated 
tensile  straining  may  appear  to  be  the  most  informative.  But,  to 
induce  the  same  value  of  stress,  larger  loads  must  be  applied  when 
using  direct  stressing  than  when  bending  moments  are  employed. 
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while  experience  has  shown  that  essentially  the  same  type  of 
damage  is  produced,  under  corrosion-fatigue  conditions,  when 
either  stiees  system  is  used  (this  would  be  expected,  as  corrosion, 
in  its  early  stages  at  least,  is  a  surface  effect);  hence,  cycles  of 
repeated  bending  stresses  were  chosen. 

There  remained  for  consideration  the  8hax)e  and  size  of  the 
test-pieces  to  be  used.  It  appeared  desirable  to  use  riveted  and 
welded  joints  in  preference  to  simpler  forms  of  test-piece ;  further, 
in  view  of  the  difficulty  of  obtaining  scale  models  exactly  similar, 
metaUurgically,  to  full-sized  joints,  it  was  decided  to  use  the  latter 
made  under  exactly  the  same  conditions  as  service  joints. 

Accordingly,  a  suitable  machine  was  specially  designed  and 
constructed,  capable  of  applying  repeated  loading,  varying  from 
nearly  zero  to  a  maximum  of  10  tons,  at  an  operating  frequency  of 
35  cycles  per  min.  The  specimens,  which  may  consist  of  one,  two 
or  three  samples,  depending  on  their  size,  are  stressed  as  simply 
supported  beams  of  which  the  middle  half  is  subjected  to  cycles 
of  a  uniform  bending  moment.  The  specimen  under  test  is  so 
arranged  ttiat  it  can  be  tested  either  in  air,  or  totally  immersed  in 
a  boiOng  aqueous  solution  to  produce  corrosion-fatigue  conditions ; 
all  the  tests  reported  have  been  made  under  the  latter  conditions. 

All  the  tests  described  were  made  on  material  taken  from  one 
oast  of  Siemens-Martin  open-hearth  acid  mild  steel,  conforming 
to  a  specification  for  boiler  material  of  good  quahty.  The  speci- 
mens fall  into  three  classes :  (a)  3-in.  wide  strips  of  plate,  |  in. 
and  also  }  in.  in  thickness ;  (6)  12-in.  wide  riveted  joints  made  of 
|-in.  plate  and  fitted  with  double-riveted  double  cover  straps ;  and 
(c)  3-in.  wide  strips  of  electrically  welded  butt  joint.  With  regard 
to  the  riveted  joints,  the  rivet  heads  were  caulked  on  both  sides 
of  the  joint,  whUe  the  edges  of  both  butt  straps  were  lightly  caulked ; 
|-in.  plate  was  used  for  the  riveted  joints  as  representative  of 
common  practice,  but  }-in.  plate  was  used  for  the  welded  joint,  as 
it  was  considered  that  this  larger  size  would  give  a  joint  more 
representative,  metallurgically,  of  practice  than  the  smaller  size. 

The  tests  were  made  on  specimens  of  the  three  types  mentioned 
above  while  immersed  in  a  boiling  aqueous  solution  of  sodium 
hydroxide  in  distiUed  water.  The  initial  strength  of  the  solution 
was  6000  grains  per  gal. ;  this  high  degree  of  concentration  was 
chosen  as  probably  comparable  with  that  occurring  locally  in  service 
after  evaporation  has  taken  place,  permitting  a  high  concentration 
within  joints,  &c.  Considerable  difficulty  was  encountered,  owing 
to  various  causes,  due  to  the  changing  conditions  of  alkalinity 
during  any  individual  test;  these  changes  have  been  reported  in 
detail  and  must  be  considered  in  assessing  the  results  of  the  tests. 
Each  specimen  was,  after  test,  submitted  to  metallurgical  examina- 
tion, particular  attention  being  devoted  to  the  type  of  fracture, 
careful  search  being  made  for  evidences  of  intercrystalline  failure. 

The  repeated-loading  tests  were  carried  on,  with  each  type  of 
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specimen,  to  endurances  extending  up  to  &om  2  to  10  million  cycles, 
corresponding  to  total  corrosion  times  not  exceeding  about  200 
days ;  if  failure  had  not  occurred  in  a  period  of  this  duration,  the 
test  was  discontinued  and  the  specimen  removed  and  examined. 

The  performance  of  the  specimens  may  be  briefly  summarised 
as  shown  in  Table  II. 

Table    II. — Summary  of  Performance  of  Spedmena. 


Type  of  Specimen. 

Maxlmnm  Nominal  * 

Range  of  Bepeated 

Bendhig  StreBs  under 

which  Samples 
remained  Unbroken 
(reckoned  on  Plate). 

Tons  per  sq.  in. 

Corresponding 

Kamber  of 

Stress  Cycles. 

Millions. 

Corresponding 
Total  Oorxosion 

Time. 

Days. 

(1)  f-in.  plain  boiler  plate    . 

(2)  -in.  plain  boiler  plate   . 

(3)  Riveted  joints   of  |-in. 

plate 

(4)  Electrically  welded  butt 

joints  of  }-in.  plate 

19 
21 

17 

191 

8-10 

6 

7i 

178-206 
117 

102 

163 

*  No  account  has  been  taken  of  any  local  stress-concentration  efifect  at 
the  points  of  application  of  the  load  or  at  the  sudden  change  of  section  in  the 
riveted  joints  at  the  edge  of  the  cover  straps. 

Visual  examination  of  the  surfaces  of  the  plates  and  joints 
after  test  showed  very  little  evidence  of  any  general  corrosive 
attack  or  of  serious  pitting,,  while  the  intersections  of  the  fractures 
with  the  surface  were  of  the  irregular  and  stepped  type  which  is 
typical  of  failure  under  corrosion-fatigue.  The  metallurgical 
examination  of  the  fractured  specimens  established  quite  clearly 
that  these  are  essentially  of  the  type  associated  with  failure  under 
corrosion-fatigue ;  no  evidences  were  obtained  of  any  tendency  for 
cracks  either  to  form  at  or  to  follow  intercrystalliiae  boundaries. 
Hence,  the  test  conditions  employed  did  not  produce  the  pecuUar 
type  of  intercrystalUne  failure  usually  associated  with  the  term 
*'  caustic  embrittlement." 

Considering  the  summary  of  numerical  results  (Table  II.) 
merely  as  corrosion-fatigue  data,  the  values  as  recorded  and  relating 
to  a  mild  steel  of  about  26^  tons  per  sq.  in.  tenacity,  do  not  give 
cause  for  serious  alarm.  The  performance  of  the  riveted  and 
welded  joints,  in  relation  to  that  of  the  plates,  appears  to  be  satis- 
factory. It  must,  of  course,  be  realised  that  endurances  of  the 
order  of  from  10®  to  10'  cycles,  with  maximum  corrosion  times 
not  exceeding  200  days,  undoubtedly  underestimate  the  probable 
effects  of  much  longer  periods  of  immersion.  In  fact,  the  results 
convey  a  distinct  warning  that,  as  far  as  possible,  precautions  must 
be  taken  to  avoid  those  conditions  suitable  for  corrosion-fatigue, 
and  suggest  that,  if  those  conditions  are  not  avoided,  then  con- 
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aiderable  damage  may  result.  The  type  of  fracture  obtained  in 
these  tests  is  in  marked  agreement  with  damage  which  has  often 
been  observed  in  boilers  in  the  form  of  pitting  and  grooving.  On 
the  other  hand,  the  numerical  stress  values  given  in  the  above 
Table  are  much  in  excess  of  stresses  operating  in  boilers  in  good 
practice.  Under  service  conditions,  therefore,  fairly  long  times 
would  be  necessary  to  cause  serious  damage,  and  careful  periodic 
inspection  should  go  far  to  reduce  the  danger  of  actual  fracture  in 
service. 

Nevertheless,  some  caution  should  be  exercised  in  appljdng  the 
results  of  the  present  experiments  to  actual  boilers,  and  the  differ- 
ences between  the  test  conditions  employed  and  operating  con- 
ditions must  be  clearly  recognised.  In  these  laboratory  tests,  a 
temperature  of  just  under  100°  C.  only  was  employed,  while  pressure 
effects — except  the  induced  stresses  normaUy  caused  by  boiler 
pressure — were  absent.  Again,  the  joints  were  totally  immersed; 
this  may  have  an  influence  on  the  effect  of  ''  seepage  "  through  a 
boiler  joint.  There  is  also  no  doubt  that  the  riveted  and  welded 
joints  used  were  very  carefully  made  and  had  not  been  subjected 
to  the  abuse  to  which  some  joints  are  subjected  in  ordinary  con- 
struction. Then,  turning  to  the  solution  used,  this  cannot  be 
directly  compared  with  water  present  in  service  boilers;  every 
effort  was  made  to  overcome,  as  far  as  possible,  the  difficulties 
encountered  during  the  progress  of  the  tests,  but,  to  avoid  any 
misunderstanding,  the  chemical  history  of  the  solution  has  been 
presented  in  deteol. 

It  may  still  be  true  that,  under  certain  critical  conditions  of 
concentration,  the  presence  of  cycUc  stress  may  produce  a  dangerous 
acceleration  of  damage;  on  this  point,  the  present  experiments 
offer  no  evidence. 

It  has  been  considered  desirable  to  give,  at  the  commencement 
of  this  paper,  this  statement  of  the  general  objects  of  the  experi- 
ments, the  summary  of  results  and  a  criticism  of  the  results  obtained. 
A  detailed  description  of  the  investigation  now  follows. 

II. — ^Description  op  the  Testing  Machine  and  Aqueous 

Solution. 

Testing  MaMne. 

The  machine  is  designed  to  apply  repeated  bending  strains 
(zero  to  a  maximum)  to  a  number  of  specimens  (one,  two  or  three) 
tested  in  air,  or  immersed  in  boiling  water  or  boiling  solutions  of 
suitable  salts  such  as  sodium  hydroxide,  &c. ;  the  ambient  fluid 
is  not  under  pressure.  Each  specimen  is  tested  as  a  beam,  the 
loading  being  applied  at  two  points,  so  that  the  middle  half  of 
the  specimen  is  subjected  to  a  uniform  bending  moment.  Strips 
of  boiler  plate,  27  in.  long,  3  in.  wide  and  up  to  |  in.  thick,  can 
be  accommodated  in  each  of  the  three  units  of  the  machine.     By 
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combining  two  or  three  units,  riveted  joints — double-riveted  butt 
joints  with  double  cover  straps  or  lap  joints — of  |-in.  plate  and 
up  to  12  in.  in  width  can  be  tested. 

The  designed  maximum  load  capacity  of  each  unit  is  7500  lb., 
giving  a  total  of  22,500  lb.  for  the  combination.  The  machine 
operates  at  35  loadings  per  min.  and  is  illustrated  in  Figs.  62  and  63. 

The  specimen,  Spy  under  test  is  supported  on  rollers  retained  in 
cylindrical  seatings.  The  seatings  are  fixed  in  a  steel  tank,  T, 
which  contains  the  fluid.  The  taiik  and  fluid  are  heated  by  three 
gas  burners,  the  temperature  being  maintained  constant  by  means 
of  a  thermostatic  control.  The  fluid  circulates  through  the  tank 
by  convection,  three  inclined  pipes  being  fitted  to  the  underside 
of  the  tank  immediately  above  the  gas  burners.  In  the  tests  to 
be  described,  the  temperature  of  the  solution  was  maintained 
between  96**  and  100**  C. 

The  load  is  appUed  as  follows :  A  motor-driven  rotating  cam 
shaft  and  cams,  C,  operate  the  rocking  levers  i^  pivoted  ta  ball 
bearings  at  P^.  The  motion  of  i^  is  transmitted  to  the  levers  L^ 
through  vertical  rods  and  calibrated  springs.  Si,  thus  applying 
predetermined  maximum  forces  to  each  of  the  levers  L^,  which  are 
pivoted  on  knife-edges  attached  to  the  cross  member  M,  From 
the  levers  Lm  the  load  is  appUed  to  the  specimen  Sp  through  the 
struts  B  ana  the  two-point  loading  brackets  D,  The  cams  are  so 
designed  that  the  load  on  the  springs  is  completely  released  during 
each  revolution.  In  order  to  keep  the  knife-edges  always  in  con- 
tact with  their  seatings,  the  weight  of  the  levers  Lg,  struts  B  and 
brackets  D  is  never  removed  from  the  specimen;  this  weight 
accounts  for  the  small  positive  value  of  the  minimum  stress  em- 
ployed in  the  tests.  The  tank  is  fitted  with  a  cover  and  two 
condenser  tubes  (not  shown)  for  the  purpose  of  reducing  evaporation. 

AmbierU  Solution, 

The  solution  used  in  the  tank  was  distilled  water  (condensed 
boiler  water)  to  which  had  been  added  6000  grains  of  sodium 
hydroxide  per  gallon  of  water,  the  level  in  the  tank  being  kept 
constant  by  means  of  a  ball- valve.  This  figure  was  chosen  as 
being  considered  comparable  with  that  which  might  prevail  in 
practice  when  evaporation  takes  place,  permitting  a  high  con- 
centration within  the  joints  and  cracks.  In  the  testing  machine 
the  specimen  is  completely  immersed,  and  evaporation  at  the 
joints  or  cracks  cannot  occur.  It  was  at  first  intended  to  maintain 
a  constant  alkali  content,  but  as  it  was  found  that  this  would  mean 
no  sodium  hydroxide  being  present  during  tests  on  later  specimens 
it  was  then  decided  to  renew  the  solution  once  a  week,  the  sodium 
hydroxide  content  falling  from  6000  to  4000  grains  per  gal.  in  that 
period. 

Although  a  cover  and  condenser  tubes  had  been  fitted  to  the 
tank,  the  evaporation  encountered  was  considered  to  be  rather 
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excessive,  amounting  to  about  4|  gal.  per  day.  It  was  then 
decided  to  reduce  this  and  to  maintieiin  a  higher  concentration  over 
longer  periods  by  pouring  a  film  of  oil  on  the  top  of  the  solution. 
A  ^-in.  thick  film  of  B.P.  paraffin  was  used  for  this  purpose.  Under 
these  conditions  evaporation  was  reduced  to  the  order  of  ^-~}  gal. 
per  day ;  the  procedure  was  also  changed  so  that  the  solution  was 
renewed  when  the  concentration  of  sodium  hydroxide  had  fallen 
to  3000  grains  per  gal.  Whenever  a  specimen  fractured,  or  a  test 
was  discontinued,  the  bath  was  cleaned  out  and  a  new  supply  of 
the  original  strength  (6000  grains  })er  gal.)  was  used. 

III. — Range  of  Investigation. 

The  material  used  in  the  investigation  was  steel  boiler  plate 
made  by  the  Siemens-Martin  acid  open-hearth  process,  stated  by 
the  makers  to  be  of  the  following  composition  : 

Oarbon.  Silicon.  Salphnr.  Pbotphonis.  Manganese. 

0-21%  006%  0-039%  0-036%  0-61% 

It  was  suppHed  in  the  form  of  plate  and  riveted  and  welded 
joints,  to  the  form  and  dimensions  given  in  Fig.  56,  in  the  following 
quantities : 

30  specimens  of  t}rpe  A    .  .     {  in.  thick 

30         „  „        fi     .  .      I  „       „      plate 

30  „  ,,         C      .  .J 


tt  9*  *t 


In  addition  to  the  main  series  of  corrosion-fatigue  tests  in  a 
boiling  aqueous  solution  of  NaOH  made  on  specimens  of  each  type, 
the  following  additional  tests  were  carried  out : 

(1)  Chemical  analysis  of  the  material. 

(2)  Metallurgical  examination  of  untested  material. 

(3)  Static  tensile  tests  on  : 

(a)  Plain  specimen  {  in.  thick 

(b)  „  „        Jin.     „ 

(c)  Welded  joint. 

(4)  Metallurgical  examination  of  tested  specimens. 

(5)  Analysis  of  the  solution. 

IV.  Results  of  Investigation. 

(1)  Chemical  Analysis  of  the  Material, 

Particulars  of  the  material  and  its  chemical  analysis  as  deter- 
mined at  the  National  Physical  Laboratory  are  given  in  Table  III. 

(2)  Metallurgical  Examination  of  Untested  Material, 

A  plain  specimen  (HHA30)  of  type  ^,  J  in.  thick,  was  sub- 
mitted to  micro-examination.    Figs.  64(a)  and  64(6)  represent  the 
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Table  III. — Particulars  and  Chemical  Analysis  of  the  Material, 


Beferenoe  Mark  and  T7p«  of 
Specimens. 

Description  of 
Material  Used. 

Chemical  Oomposition. 

C. 

Si. 

S. 

P. 

Mn. 

N. 

HHA.   Type^l.    Plate,     §     in. 

thick. 
HHB.   TjjM  A,    Plate,     |     in. 

thick. 
HMH,Tjl>^B,    RiTeted    Joint 

of  1  in.  plate. 
HMJ.  TyjmC.    Welded     joint 

of  1  in.  plate. 

Siemens-Martin 
acid       open- 

'  hearth  boiler 
steel. 

0-20 

0-03 

0-028 

0-036 

0-60 

0004 

polished  and  etched  **  side  "  and  **  end  "  sections,  respectively. 
The  side  section  is  also  shown  in  Fig.  64(c).  The  structure  of  this 
material  is  that  of  typical  boiler  plate. 

Fig.  65(a)  represents  a  sulphur  print  prepared  in  the  usual  manner 
from  a  section  of  the  material  parallel  to  the  side  of  the  same  plate 
and  indicates  the  distribution  of  the  sulphur.  A  macrograph, 
Fig.  65(6),  was  prepared  from  a  section  of  the  material  deeply  etched 
in  acid  copper  chloride  solution,  in  order  to  reveal  the  distribution 
of  phosphorus  and  possibly  oxygen.  Both  the  sulphur  and  phos- 
phorus are  evenly  distributed. 

A  plate,  HHB4,  of  type  A,  ^  in.  thick,  was  also  submitted  to 
microscopic  examination.  Figs.  66(a)  and  66(6)  represent  correspond- 
ing sections  to  those  shown  in  Figs.  64(a)  and  64(6)  for  the  J -in.  thick 
bar.  The  banded  or  laminated  structure  of  the  material  is  clearly 
indicated  in  Figs.  64(a)  and  66(a),  and  appears  somewhat  more  pro- 
nounced in  the  |-in.  thick  material.  This  agrees  with  the  fact  that 
HHAZO  (t-in.)  and  HHB4:  (f-in.)  both  originated  from  the  same 
cast  and  that  the  former  received  the  greater  reduction  in  thickness 
in  rolling  during  manufacture. 

(3)  Static  Tensile  Tests. 

These  were  carried  out  on  strips  cut  from  the  plain  plates,  also 
on  a  strip  cut  from  a  welded  plate.  The  specimens  were  of  the 
standard  British  Standards  Institution  form  for  tests  on  plate. 
The  proportional  limits  were  determined,  using  a  Marten's  extenso- 
meter.    The  results  of  these  tests  are  as  stated  in  Table  IV. 

(4)  Corrosion-Fatigue  Tests. 

The  results  of  the  tests  carried  out  in  the  specially  designed 
machine,  in  which  the  specimens  were  subjected  to  repeated  appli- 
cations of  stress  while  totally  immersed  in  a  boiling  sodium  hydroxide 
solution,  are  given  in  Table  V.  (tests  on  plate  specimens,  type  A), 
Table  VI.  (tests  on  riveted  joints,  type  B)  and  Table  VII.  (tests  on 
welded  joints,  type  C).  In  these  Tables  the  given  estimated  values 
of  nominal  stress  relate  to  the  main  plate  only. 

1941— i  L 
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Table  TV,— Results  of  Static  Tensile  Tests. 


Type  of  Specimen : 

Plain  f-in. 
MateriaL 

Plain  f-in. 
MateriaL 

Bleotrically-Welded 
Joint.* 

Specimen  Beference  MatIc  : 

HHAllA, 

HHBAA. 

EMJ1A, 

Cross -section     of    speci- 

oe46 X 

O'lU  X 

0-766  X  2001, 

men.     In. 

2-002 

2002 

(plate) 
0*862  over  weld 

Qauge  length.     In. 

8 

8 

8 

Limit  of  proportionality. 

Tons  per  sq.  in .  . 

13-2 

12-4 

8-2 

Stress    at    yield    point. 

Tons  per  sq.  in.  . 

16-3 

16-7 

15-2 

Ultimate  tensile  strength. 

Tons  per  sq.  in.  . 
Elongation  on  8  in.     %. 

26-4 

26-6 

26-5 

31 

31 

24 

Reduction  of  area.     % . 

491 

48 

47 

Young*s   Modulus,    E. 

Lb.  per  sq.  in.  X  1(H. 
Remarks  on  fracture 

30-4 

301 

29-9 

Silky 

Silky 

Silky  fibrous;  frac- 

fibrous. 

fibrous. 

tured  in  piaU  at 
point  4  in.  from 
centre  of  weld  at 
a  slight  internal 
flaw. 

*  The  welded  section  was  situated  at  the  mid-section  of  the  test  length. 


Table  V. — Restdts  of  Tests  on  Specimens  of  Boiler  Plate,  Type  A,  in 
Solution  initially  containing  6000  Grains  of  Sodium  Hydroxide 
per  Gal,  of  Distilled  Water  at  Temperatures  of  96-100°  C. 


Nominal  Stress 

Number 

speci- 
men. 

Thick- 
ness. 
In. 

Ojcle. 
Tons  per  sq.  in. 

Bangeof 
Stress. 

Tons  per 
sq.  in. 

of 

Applied 

Stress 

CtcIcs. 

Duration  of 
Test.* 
Dajs. 

Bemarks 

on 
Specimen. 

Min. 

Max. 

Millions. 

HHAIO 

0-64 

2-4 

24-4 

22-0 

0-6376 

'21 

B 

Broken. 

9 

0-66 

2-8 

28-8 

21-0 

0-4645 

B 

Broken. 

8 

0-66 

2-3 

22*8 

20-0 

08427 

19 

B 

Broken. 

6 

0-66 

2-8 

23-8 

3(H) 

4-5608 

90 

B 

Unbtokeo. 

1 

0-65 

2-8 

21-6 

19-3 

1-2565 

27 

A 

Broken. 

7 

0-65 

2-3 

21-« 

19-3 

3-0470 

58 

B 

Broken. 

5 

0-65 

2-8 

21-6 

19-3 

3-2281 

68 

B 

Broken. 

4 

0-66 

2-3 

20*8 

18-0 

8-8642 

"»( J? 

A  ' 
B 

Unbroken. 

3 

0-65 

2-3 

18-3 

160 

10-1207 

»o»{»o 

B 

Unbtokon. 

8 

0-66 

3-3 

14-3 

12-0 

101207 

9t\K  /no 

d 

Unbroken. 

UUBZ 

0-77 

1-6 

24-6 

23-0 

1-1404 

28 

B 

Broken. 

1 

0-77 

1-6 

28-6 

22-0 

1-9062 

41 

B 

Broken. 

2 

0-77 

1-6 

22-6 

21-0 

5-5823 

117 

B 

Unbroken. 

*  A  —  without^  B  —  with  oU  fllm  on  aohittoiL 
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Table  VI. — Eestdts  of  Tests  on  Specimens  of  Riveted  Joints,  Type  B, 
in  Solution  initially  containing  6000  Grains  of  Sodium  Hydroxide 
per  Gal.  of  Distilled  Water  at  Temperatures  of  96-100°  C. 

Solution  oovered  with  a  film  of  oil. 


Specimen. 

Plate  SIxe. 
In. 

Nominal  Stress 

(Cycles. 
Tons  per  sq.  in. 

Bange  of 
Stress  (on 

PUte). 
Tons  per 

sq.  in. 

Number 
of 

Applied 
Stress 
Cycles. 

Millions. 

Duration 

of  Test. 

Days. 

Remarks 

on 
Specimens. 

Min. 

Max. 

BMHl 
3 
3 

4 
5 

13     X  0-66 
11-9  X  0-66 
12     X  0-65 
11-9  X  0-66 
lS-3  X  0*65 

35-6 
33-7 
22-7 
19-7 
18-7 

33-9 
32-0 
21-0 
18-0 
170 

0-3395 
0-6700 
0-6533 
1-3477 
51468 

5 

30* 
14 
25 
103 

Broken. 
Broken. 
Broken. 
Broken. 
Unbroken. 

•  Wa^tMti^  idle  for  6  days;  corrosion-fatigae  conditions  operating  for  14  days  only. 


Table  Vn. — Results  of  Tests  on  Specimens  of  Electrically  Welded 
Butt  JoitUs,  Type  C,  in  Solution  initially  containing  6000  Grains 
of  Sodium  Hydroxide  per  Gal,  of  Distilled  Water  at  Tempera-- 
tures  of  96-100°  C, 


Solution  covered  with  a  film  of  oil. 


Speci- 
men. 

Plate 
Thick- 

In. 

Nominal  Stress 

CJycle. 
Tons  per  sq.  in. 

Bange 
of  Stress 

(esti- 
mated on 

Plate). 
Tons  per 

sq.  in. 

Number 

of 

Applied 

Stress 

(Tycks. 

Millions. 

Dura- 
tion of 
Test. 
Days. 

Remarks  on  Specimens. 

Min. 

Max. 

UMJe 

5 

4 
1 
3 
3 

0-76 
0-76 
0-76 
0-76 
0-76 
0-76 

38-7 
33-7 
31-7 
31-7 
30-3 
18-7 

33-0 
31-0 
20-0 
20-0 
18-5 
170 

0-7218 
2-0839 
4-3804 
7-4133 
1-5480 
7-4182 

14 
50 
94 

163 
32 

163 

Broken  at  weld. 
Broken  1|  in.  from  weld. 
Broken  2(  in.  from  weld. 
Unbroken. 
Broken  at  weld. 
Unbroken. 

Previous  mention  has  been  made  of  the  changes  occurring  in 
the  strength  of  the  aqueous  solution ;  the  recorded  concentrations 
and  evaporation  of  the  solution  while  the  specimens  were  under 
test  are  shown  in  Figs.  57a  and  57b  (plain  specimens,  {  in.  thick), 
Fig.  58  (plain  specimens,  |  in.  thick),  Fig.  59  (riveted  joints),  and 
Fig.  60  (welded  joints).  These  diagrams  probably  require  the 
explanation  that  the  curves  relate  to  the  bath  as  a  whole,  which 
may  have  contained  one,  two  or  three  specimens  at  any  particular 
time  in  the  period  covered  by  the  diagram ;  the  portion  of  this 
period  covered  by  particular  specimens  is  therefore  indicated  at 
the  bottom  of  each  diagram.  An  analysis  of  the  solution  was 
made  on  a  sample  taken  from  the  bath  at  each  time  indicated  by 
a  black  circle  on  these  diagrams. 
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Stress-Endurance  Curves  of  the  specimens  tested  under  these 
conditions  are  plotted  in  Fig.  61.  In  these  curves,  a  sharp  knee 
has  been  drawn,  as  it  appears  to  represent  the  trend  of  the  results, 
but  this  should  not  be  taken  to  indicate  the  existence,  or  belief  in 
the  existence,  of  a  "  corrosion-fatigue  limit." 

(5)  Metallurgical  Examination  of  Tested  Specimens. 

Photographs  and  micrographs  of  tested  specimens  and  fractures 
are  given  in  Figs.  67  and  68  (plain  specimens,  |  in.  thick),  Fig.  69 
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Fio.  58. — Plain  Specimens,  }  in.  thiok.     Curves  of  stress,  concentration  and 
evaporation.     Sodium  hydroxide  solution  at  96-100**  C. 

(plain  specimens,  f  in.  thick).  Figs.  70  to  72  (riveted  joints)  and 
Figs.  73  and  74  (welded  joints). 

(6)  Analysis  of  SoltUion. 

Figs.  57  to  60  show  the  concentrations  of  the  solution,  expressed 
as  grains  per  gallon  of  distilled  (condenser)  water,  of  sodium 
hydroxide,  sodium  carbonate  and  the  total  alkalinity,  also  the 
amount  of  water  evaporated  during  the  period  of  test,  while  the 
lower  parts  of  the  diagrams  indicate  the  chronological  disposition 
of  the  specimens.  From  these  figures  the  condition  of  the  solution 
during  the  test  on  each  specimen  can  be  readily  seen. 
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At  first  the  solution  was  renewed  when  the  sodium  hydroxide 
content  fell  nearly  to  zero,  then  for  a  period  of  40  days  an  attempt 
was  made  to  keep  the  total  alkali  constant,  but  the  evaporation 
of  the  solution  was  so  great  that  after  about  20  days  the  sodium 


hydroxide  content  was  reduced  to  zero  while  sodium  carbonate 
was  found  bo  he  present  to  the  extent  of  SOQO  grains  per  gal.  This 
condition  was  considered  unsatisfactory,  because,  had  a  new 
specimen  been  inserted  and  broken,  no  sodium  hydroxide  would 
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have  been  present;  during  the  teat.  At  this  stage  the  procedure 
waa  altered,  the  solution  being  renewed  weekly  for  a  period  of 
7  weeks.  It  was  then  considered  possible  that,  owing  to  the  high 
rate  of  evaporation  (which  lose  was  automatically  replaced  by 
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Tia.  61. — StreBS-Enduruice  Curves;  ambient  solution  of  6000  btsuib  of 

sodium  hTdroxide  per  gsl.  of  distilled  water  at  96-100   C. 
Nole. — Numbers  iw«r  the  experimental  points  refer  to  the  reference  numbers 
of  the  epeoimena.     They  should  be  prefixed  by  the  reference  letters  as  follows  : 
(a)  BSAi  (b)  BBB;   (e)  BJiH;   (d)  BMJ. 

addition  of  distilled  water),  the  access  of  osygen  to  the  solution 
might  result  in  preventing  any  intergranular  attack  by  hydrogen. 
From  this  date  onwards,  therefore,  the  solution  was  covered  with  a 
layer  of  inert  oil,  a  ^-in.  thick  layer  of  B.P.  paraffin  being  used. 
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(At  one  time  a  thick  gear-oil  was  tried,  but  owing  to  the  difficulty 
of  removing  all  traces  of  the  oil  from  fittings  in  the  tank,  the  use 
of  paraffin  was  preferred.)  The  effect  of  using  the  layer  of  oil 
was  to  reduce  considerably  the  evaporation  of  water  and  maintain 
the  sodium  hydroxide  strength  over  much  longer  periods.  (Slight 
increases  sometimes  observed  in  the  sodium  hydroxide  content 
were  due  to  the  ball- valve  controlling  the  water  level  not  function- 
ing properly,  and  resulting  in  a  decrecuste  in  the  quantity  of  water 
in  the  tank.) 

A  procedure  was  therefore  adopted  in  which  the  solution  was 
renewed  when  the  sodium  hydroxide  content  had  fallen  to  about 
3000  grains  per  gal.,  or,  alternatively,  when  a  specimen  was  removed 
from  the  tank  and  a  new  specimen  inserted.  It  may  be  mentioned 
that  a  complete  analysis  showed  that  the  solution  also  contained 
the  following  salts :  sodium  chloride,  0*71  g.  per  litre ;  sodium 
silicate,  0*16  g.  per  litre;   sodium  sulphate,  0*60  g.  per  litre. 

V. — ^Discussion  op  Results  and  Conclusions. 

(a)  Plain  Specimens. 

In  specimen  HHAl,  a  crack  had  developed  near  the  centre 
of  the  plate.  This  crack  lay  chiefly  in  a  plane  at  right  angles  to 
the  axis  of  the  plate  and  originated  in  the  side  subjected  to  tensUe 
stressing;  the  crack  did  not  penetrate  the  full  thickness  of  the 
material  nor  extend  to  the  full  width  of  the  under  surface. 

The  terminal  portion  of  the  crack  was  examined  after  removing 
the  scale  and  polishing.  Figs.  67(a)  and  67(6)  show  that  the  crack  is 
of  considerable  width  even  quite  near  the  tip  and  that  there  is  no 
marked  tendency  for  the  ''  spurs  "  leading  out  of  the  main  crack 
to  penetrate  along  the  grain  boundaries.  Fig.  67(c)  shows  a  polished 
and  etched  portion  of  the  side  of  the  plate  in  the  vicinity  of  the 
crack,  which  is  ''  branched,"  and  of  smaller  width  than  that  shown 
in  Figs.  67(a)  and  67(6).  The  material  exhibits  a  banded  structure, 
presumably  associated  with  rolling  during  manufacture ;  the  cracks 
are  influenced  in  direction  by  this  banded  structure  for  short 
distances.  None  of  the  photographs  of  Fig.  67  reveal  any  tendency 
for  the  cracks  to  follow  grain  boimdaries. 

Specimens  HHA2,  4  and  5  were  also  examined.  After  removal 
of  scale,  specimens  HHA2  and  HHA4: — ^which  were  unbroken 
under  test— were  examined  with  a  magnetic  crack  detector.  No 
cracks  were  found  in  these  specimens  nor  in  specimen  HHA5  at 
positions  away  from  the  main  crack.  The  fracture  of  the  latter 
specimen  did  not  extend  completely  through  the  plate,  and  suit- 
able longitudinal  sections,  parallel  to  either  the  faces  or  the  sides 
of  the  plate,  were  cut  in  order  to  examine  the  crack  near  its  root. 
Fig.  68  illustrates  the  general  nature  of  the  cracking,  which  is 
essentially  of  the  corrosion-fatigue  tyx>e  with  no  evidence  of  a 
general  intercrystalline  breakdown. 
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Specimens  HHAS,  9  and  10  were  also  submitted  to  micro- 
soopical  examination.  The  essential  features  of  the  type  of  crack- 
ing observed  were  exactly  similar  to  those  encountered  in  the 
specimens  previously  described;  it  is  therefore  unnecessary  to 
reproduce  any  micrographs  relating  to  these  specimens. 

Taming  to  the  specimens  of  |-in.  plate  (HHB)^  the  micro- 
structures  of  these  specimens  were  examined  in  detail  at  magni- 
fications of  500  and  2000  diameters,  with  results  of  the  same  general 
nature  as  those  encountered  in  the  specimens  of  j-in.  plate,  the 
chief  characteristics  revealed  being  main  and  subsidiary  branching 
cracks  of  a  transcrystalline  nature.  Fig.  69(a)  is  included  as  repre- 
sentative of  the  transverse  appearance  of  main  cracks  after  polish- 
ing and  etching  the  sectional  plates  with  Fry's  reagent.  Fig.  69(6) 
is  also  reproduced,  as  it  exhibits  so  faithfully  the  intricate  system 
of  cracking  entirely  characteristic  of  failure  by  corrosion-fatigue. 

(6)  Bivekd  Joints. 

The  position  of  cracking  in  the  riveted- joint  specimens  can  be 
seen  in  Fig.  70.  In  one  specimen,  cracking  occurred  very  close  to 
the  edge  of  the  cover  strap ;  in  the  other  three  c€kses  failure  took 
place  at  the  section  corresponding  to  one  of  the  points  of  applica- 
tion of  the  external  load,  situated  about  1  in.  from  the  edge  of  the 
cover  strap.  Failure  at  either  of  these  positions  was,  therefore, 
influenced,  to  some  extent,  by  stress-concentration  effects.  Each 
of  the  four  joints  was  sectioned  and  submitted  to  microscopical 
examination.  Features  common  to  all  may  be  illustrated  by  a 
few  t3rpical  micrographs.  In  each  case,  the  main  crack  exhibited 
branching  characteristics,  and  terminated  finally  in  a  fine  crack, 
as  illustrated  at  high  magnification  in  Fig.  71(a),  which  relates  to 
specimen  HMH2.  This  field  also  shows  two  other  featiu'es  typical 
of  this  batch  of  specimens,  the  spheroidisation  of  the  pearUte  and 
the  "  faulting  "  of  the  material  caused  by  the  deformation  at 
fracture.  Fig.  71(5),  showing  the  end  of  the  main  crack  causing 
failure  in  specimen  HMH4,  is  an  exceptionally  clear  example  of 
the  predominantly  transcrystalline  nature  of  the  crackii^  encoun- 
tered. It  was  also  observed,  in  many  cases,  that  the  crackmg  tended 
to  follow  lines  of  non-metallic  inclusions;  Fig.  71(c),  also  from 
specimen  HMH4,  is  a  typical  example. 

When  specimen  HMH3  was  sectioned,  an  extremely  interesting 
feature  was  disclosed.  In  addition  to  the  main  fracture — ^which 
occurred  in  the  plate  outside  the  joint — ^a  crack  was  detected 
uriOUn  the  joint  and  near  to  one  of  the  rivet  holes ;  this  internal 
crack,  and  also  the  main  crack,  are  clearly  visible  in  Fig.  72(a).  Two 
micrographs.  Figs.  72(6)  and  72(c),  of  this  internal  crack  are  repro- 
duced. Doih.  indicate  that  corrosion-fatigue  is  the  cause,  the 
crack  in  general  following  a  transcrystalline  path,  with  the  usual 
branching  characteristics  and  a  tendency  to  follow  lines  of  non- 
metallic  inclusions.    No  evidence  of  a  faulty  joint  could  be  detected. 
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while  the  corrosion-fatigue  history  of  this  specimen  was  not  unduly 
great  (0*6  x  10^  stress  cycles  and  14  days'  immersion).  Failure  at 
this  position  in  a  joint  has,  on  several  occasions,  been  observed  in 
cases  of  boiler  failure  in  service,  and  the  present  example  is  of 
great  interest.  It  will  be  noted  that  it  occurred  on  the  tension 
side  of  the  main  plate  and  the  corrosive  solution  could  have  found 
access  between  the  main  and  cover  plate,  had  relative  movement 
occurred  between  these.  There  will  also  be  some  stress-conoen- 
tration  effect  due  to  the  presence  of  the  rivet  hole.  Specimen  HMH5 
had  remained  unbroken  after  a  much  longer  corrosion-fatigue  history 
(5  X  10^  stress  cycles  and  102  days'  immersion),  although  the 
appUed  range  of  stress  (17  tons  per  sq.  in.)  was  less  tha^  that 
appUed  to  specimen  HMH3  (21  tons  per  sq.  in.) ;  specimen  HMH5 
was  submitted  to  very  careful  examination  to  discover  if  any 
cracking  were  present.  The  tension  face  of  the  joint  was  machined 
so  as  to  remove  three  rivet  heads  and  a  thin  layer  of  plate  material. 
A  complete  transverse  section  of  the  joint  was  also  made  along  the 
line  of  the  three  rivets  near  one  of  the  outer  edges  of  the  butt-stotps. 
Lastly,  the  main  plate  outside  and  near  the  edge  of  the  butt-stntp 
was  sectioned  and  examined.  No  evidence  whatever  of  cracking, 
of  any  sort,  was  found  in  any  portion  of  the  specimen. 

Alth(mgh  the  cracking  of  the  joint  HMH3  toaSy  apparenUy,  not 
repeated  in  similar  specimens,  it  is  of  some  significance  that  the  con- 
ditions of  these  tests  have,  even  in  one  specimen,  produced  cracking 
within  a  joint  of  a  type  that  had  previously  been  observed  in  some 
service  failures, 

(c)  Welded  Joints, 

As  recorded  in  Table  VII.,  of  the  six  specimens  tested,  two 
(HMJ2  and  6)  fractured  through  the  weld,  two  others  (HMJ4 
and  5)  fractured  away  from  the  weld,  while  the  remaining  two 
(HMJ\  and  3)  remained  unbroken.  The  appearance  of  longi- 
tudinal sections,  after  polishing  and  etching,  of  five  of  these  speci- 
mens is  shown  in  Fig.  73.  Reference  to  Fig.  ^\(d)  indicates  that 
the  resistance  of  specimen  HMJ2  was  very  low  coiftpared  with 
that  of  the  remaining  specimens.  A  visual  examination  of  the 
fracture  of  this  specimen  showed  the  presence  of  a  layer  occupying, 
approximately,  the  middle  third  or  middle  half  of  the  cross-section, 
winch  gave  the  appearance  of  lack  of  complete  fusion  of  the  weld 
metal ;  the  fracture  was  distinctly  "  stepped  "  at  the  boimdaries 
of  this  central  zone.  This  specimen  has,  therefore,  been  regarded 
as  defective  and  ignored  in  assessing  the  resistance  of  this  batch 
of  joints  considered  as  a  whole,  but  such  a  defect  could,  presum- 
ably, occur  in  commercial  production.  The  type  of  cracking  ob- 
served in  specimens  HMJ2  and  6  was,  however,  essentially  similar, 
consisting  of  branching  cracks  following,  mainly,  transcrystalline 
paths.  Thus  Fig.  74(a)  shows  a  typical  portion  of  the  main  crack  in 
HMJ6,  while  Fig.  74(6)  illustrates  a  small  crack  in  HMJ2, 
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Turning  to  specimens  HMJ4  and  5,  both  of  which  fractured 
away  from  the  weld  (see  Fig.  73),  examination  of  various  polished 
and  etched  sections  revealed  characteristics  of  the  usual  corrosion- 
fatigue  type  previously  discussed.  Fig.  74(c),  showing  one  of  the 
smfdl  branching  cracks  in  the  fracture  of  HMJ^,  is  of  some  interest, 
as  the  crack  consists  of  almost  straight  portions  sharply  inclined  to 
each  other ;  this  is  an  example  of  this  type  rarely  met  with  in  the 
present  experiments,  although  it  has  been  encoimtered  elsewhere 
in  failures  caused  by  corrosion-fatigue.  It  is  sufficient  to  record 
Fig.  74(d)  as  a  typical  portion  of  the  cracking  in  specimen  HMJb ; 
no  new  features  are  revealed. 

Specimens  HMJl  and  3,  which  remained  unbroken  after  test, 
were  also  sectioned  and  examined;  no  signs  of  cracking  were 
observed. 

(d)  General  Conclusion. 

Summarising  broadly  the  results  of  the  investigation,  the 
principal  fact  that  emerges  is  that,  under  the  test  conditions  employed^ 
samples  of  boiler  plate,  riveted  joints  and  welded  joints  failed  by 
a  process  which  is  essentially  that  associated  with  corrosion-fatigue ; 
the  predominantly  intercrystalline  type  of  cracking  ascribed  to  failure 
by  caustic  embrittlement  was  not  produced.  Considerable  evidence 
is  available,  from  certain  service  boilers,  that  corrosion-fatigue  is  a 
possible  cause  of  danger,  and  similar  fissuring  and  cracking  of  this 
type  was  reproduced  in  the  present  tests.  In  these  tests,  the 
applied  ranges  of  stress  which  were  found  necessary  to  produce 
nacture  were  relatively  so  high — ^in  comparison  with  nominal 
working  stress  adopted  in  practice — that  Uttle  cause  for  alarm 
would  arise  from  the  actual  results,  although,  in  this  connection, 
it  should  be  remembered  that  the  test  conditions  of  temperature 
were  much  lower  than  those  prevailing  in  modern  practice;  also, 
the  maximum  period  occupied  by  any  one  test  was  small  in  com- 
parison with  normal  boiler  life.  It  is  therefore  possible  that  under 
service  conditions  much  more  rapid  attack  might  result,  and, 
hence,  every  effort  should  be  made  in  operation  to  exclude,  as  far 
as  possible,  those  conditions  which  would  be  conducive  to  such 
attack.  It  is  of  interest  to  find  that,  even  with  the  somewhat 
artificial  conditions  used  in  the  tests,  one  example  was  encoun- 
tered of  the  occurrence  of  cracking  in  a  riveted  joint  at  a  position 
in  the  interior  of  the  joint  and  near  to  a  rivet ;  such  cracks  have 
been  found  in  service  failures,  the  crack  being  of  a  transcrystalline 
character  as  in  the  present  tests. 
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CORRESPONDENCE, 

Dr.  U.  R.  Evans  (Cambridge  University)  wrote  that,  in  his  inter- 
esting Introduction,  Dr.  Desch  had  suggested  that  the  cracking 
produced  by  hot  ammonium  nitrate  solution  might  be  related  to 
the  cracking  of  boiler  plates  by  strongly  alkaline  solutions.  It 
might  be  of  interest  to  refer  to  some  unpublished  work  by  Dr.  Wooster 
and  Dr.  Nockolds  in  the  Department  of  Mineralogy  and  Petrology 
of  Cambridge  University.  It  was  previously  known  that  stressed 
steel  was  cracked  by  boiling  ammonium  nitrate  solution  but  that 
the  effect  was  not  produced  at  lower  temperatures.  Wooster  and 
Nockolds  had  observed  that  the  boiling  solution  produced  a  black, 
compact  layer,  probably  of  oxide,  which  cracked  imder  tension, 
whereas  the  colder  solutions  gave  a  greenish,  more  slimy  mass, 
probably  hydrated  magnetite.  Presumably  the  high-temperature 
oxide  would  be  sufficiently  a  conductor  of  electricity  to  act  as 
cathode  towards  the  iron  exposed  at  the  network  of  cracks.  This 
combination  of  large  cathode  (the  oxide-covered  surface)  and  small 
anode  (the  iron  exposed  at  the  cracks)  was  one  which  was  always 
apt  to  lead  to  intensified  corrosion — ^in  accordance  with  well- 
established  electrochemical  principles.  The  greenish  body  formed 
at  lower  temperatures  was  physically  imsuited  to  act  in  this  way, 
thus  explaining  why  colder  solutions  produced  no  cracking. 

When  anodic  attack  had  once  started  at  the  breaks  in  the 
oxide  film,  it  would  tend  to  continue  downwards  in  a  direction 
normal  to  the  stress  direction,  since  the  stresses  would  keep  crack- 
ing any  freshly  formed  film  at  the  bottom  of  the  fissures  produced. 
Other  things  being  equal,  the  anodic  attack  would  follow  the  grain 
boundaries,  since  the  energy  change  involved  in  the  removal  of  an 
atom  situated  at  the  junction  of  two  lattice  systems  would  be 
different  from  that  involved  in  the  removal  of  an  atom  situated 
within  an  undisturbed  lattice.  It  might  be  thought  that  this 
would  imply  that  all  ordinary  corrosion  should  be  intergranular 
in  character,  but  in  attack  by  ordinary  waters  or  salt  solutions, 
where  the  anodic  and  cathodic  products  interacted  to  yield  a 
sparingly  soluble  substance  by  precipitation,  such  fissure  corrosion 
would  soon  stifle  itself,  even  if  considerable  tensions  were  applied 
to  the  metal.  Thus,  intergranular  attack  was  favoured  by  spatial 
separation  of  anodes  and  cathodes,  as  in  the  case  of  lead  cable- 
sheathing,  where  stray  currents  gave  rise  to  intergranular  attack, 
whilst  "  natural  '*  soil  corrosion  gave  a  more  general  type.  Even 
in  the  absence  of  stifling,  the  accumulation  of  metal  ions  in  inter- 
grantdar  cavities  would  normally  shift  the  potential  sufficiently 
to  divert  the  attack  elsewhere.  Exceptions  would  occur -where 
the  intergranular  material  was,  owing  to  chemical  differences  from 
the  interior  of  the  grains,  naturally  anodic,  as  in  the  case  of  austenitic 
chromium-nickel  steel  which  had  been  heat-treated  in  such  a  way 
as  to  cause  intergranular  impoverishment  in  chromium.    Here 
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intergranular  attack  might  arise,  as  was  well  known.  Another 
exception  would  occur  where  bodies  were  present  whioh  removed 
the  cations  as  complexes;  thus,  ammonia  promoted  the  inter- 
granular corrosion  of  copper  under  stress,  and  nitrites  that  of  lead. 
A  particularly  favourable  case  for  intergranular  attack  under 
stress  would  occur  where  the  complex-forming  body  was  one  which 
came  to  be  concentrated  in  crevices.  Sodium  hydroxide  was  a 
chemical  of  this  character;  its  creeping  power  into  crevices  was 
well  known  to  those  who  had  studied  the  corrosive  actions  of  salts 
which  form  sodium  hydroxide  as  a  cathodic  product.  Within  his 
(the  writer's)  experience  no  other  inorganic  substance  had  the  same 
power  of  creeping  into  capillary  crevices.  Now,  this  tendency  of 
sodium  hydroxide  solution  to  penetrate  into  cre^ces  was  itself  a 
sign  that  the  concentration  of  sodium  hydroxide  was  greater  in 
crevices  than  in  the  body  of  the  liquid.  Thus,  when  once  cracking 
had  started  in  iron  immersed  in  hot  alkaline  water,  one  .might 
expect  the  cell : 

Iron  I  concentrated  sodium  hydroxide  |  dilute  sodium  hydroxide  |iron.^ 

In  this  cell  the  iron  in  the  crevice  would  be  the  anode  and  the  iron 
outside  the  crevice  the  cathode,  since  dilute  alkali  would  depress 
the  solubiUty  of  iron  oxides  and  thus  tend  to  keep  the  iron  passive, 
whereas  the  concentrated  alkali  would  at  high  temperature  dissolve 
them,  forming  such  compounds  as  ferroates,  and  making  the  iron 
within  the  crevice  active  and  anodic.  The  ferroates  could  only 
exist  in  the  presence  of  a  great  excess  of  alkali,  and  when  the 
ferroate  formed  at  the  tip  of  the  crack  began  to  dififuse  outwards 
into  the  parts  where  the  concentration  of  alkali  was  lower,  iron 
oxide  was  likely  to  separate  out,  thus  explaining  the  precipitation 
at  a  distance  noted  by  Dr.  Desch. 

Dr.  Desch 's  statement  that  there  were  two  distinct  forms  of 
cracking  was  interesting.  He  denoted  them  as  the  hydrogen  and 
the  oxide  types.  According  to  the  theory  developed  tentatively 
above,  they  could  be  referred  to  as  the  cathodic  type  and  the 
anodic  type,  respectively.  The  hydrogen  or  cathodic  type  of 
cracking  was  almost  exactly  analogous  to  pickling  embrittlement, 
whereas  the  oxide  or  anodic  type  would  have  much  in  common 
with  the  intergranular  corrosion  of  lead  cable -sheaths  produced  by 
stray  electric  currents. 

The  suggestions  made  above  were  necessarily  speculative,  but 
might  serve  to  indicate  the  general  Unes  which  might  be  expected 
to  lead  to  the  correct  explanation. 

Mr.  William  Barb  (Colvilles,  Ltd.,  Glasgow)  wrote  that,  in  his 
experience,  caustic  cracking  in  boiler  plates  was  invariably  inter- 
crystalline  in  part,  and  indeed  it  was  this  feature  that  distinguished 

1  The  analogous  cell  A\\N  NaOH|iS^/100  NaOHIAl  certainly  generated  a 
ourrent,  the  aluminium  in  the  more  concentrated  solution  being  the  anode. 
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caustic  cracking  from  corrosion-fatigue.  Intercrystalline  cracks 
were  usually  associated  with  fissures  and  wide  cracks  of  the  trans- 
crystalline  type.  In  cracked  and  broken  rivets  which  frequently 
accompanied  the  cracking  of  plates  it  was  impossible  to  define  the 
nature  of  the  cracks,  owing  to  the  severely  distorted  structure  of 
the  rivets. 

Dr.  Adcock  had  suggested  that  there  had  been  a  tendency  to 
overemphasise  the  intercrystalline  character  of  caustic  attack.  A 
more  unfortunate  tendency  had,  however,  crept  in  and  that  was 
to  assume  that  hydrogen  was  invariably  the  cause  of  intercrystalline 
failure.  This  was  exempUfied  in  Part  II.  of  the  paper,  in  which 
was  described  the  appUcation  of  a  negative  potential  during  test. 
Other  assumptions  that  had  been  made  and  which  had  led  to  the 
construction  of  elaborate  research  apparatus  were  that  high  stresses 
and  temperatures  were  necessary  for  the  production  of  inter- 
crystalline cracking.  That  none  of  these  assumptions  was  correct 
was  borne  out  by  work  whicj;^  the  writer  had  carried  out.  He 
would,  perhaps,  have  an  opportunity  of  pubUshing  this  work 
when  completed,  but  would  meantime  summarise  briefly  some  of 
the  results  already  obtained. 

Chemical  intercrystalline  cracks  of  the  "  oxygen  ''  type  had 
been  produced  in  60  hr.  in  a  machined  bar  of  mild  steel  in  the 
as-rolled  condition,  which  was  made  the  anode  in  a  solution  of 
potassium  nitrate  (20  g.  per  100  c.c).  The  current  density  was 
approximately  0-03  amp.  per  sq.  cm.  and  the  temperature  was 
maintained  at  approximately  90°  C.  Similar  results  had  been 
obtained  with  solutions  of  different  concentrations  of  potassium 
nitrate,  but  the  quantitative  relationship  between  time  to  produce 
visible  cracking  and  concentration  of  solution  had  not  been  deter- 
mined. 

No  cracks  had  been  observed  when  the  sample  (whether  stressed 
or  unstressed)  was  made  the  cathode.  The  presence  of  some 
internal  stress,  as  in  a  test-piece  strained  by  compression,  did  not 
accelerate  the  cracking;  on  the  other  hand,  strain-age-hardening 
at  200°  C  appeared  to  do  so.  Over-ageing  had  no  accelerating 
effect. 

In  the  absence  of  an  externally  applied  e.ra.f.,  cracks  had  only 
been  obtained  with  strained  specimens. 

Concentrated  solutions  of  sodium  hydroxide  acted  similarly  to 
solutions  of  potassium  nitrate,  but  the  time  required  for  production 
of  cracks  was  considerably  longer,  and  general  corrosion  and  fissur- 
ing  were  more  marked. 

From  the  above  considerations,  the  writer  would  venture  to 
suggest  that  chemical  intercrystalline  attack  of  the  **  caustic  ** 
type  could  only  take  place  when  the  material  was  electro- positive 
in  an  electrolyte  which  could  maintain  the  passage  of  a  current. 
Caustic  cracking  in  service  occurred  because  these  conditions  were 
encountered.     As   was   well    known,    strained    metal   resulted   in 
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potential  difPerenoes  between  various  parts.  The  chemical  con- 
stitution  and  the  concentration  of  the  electrolyte,  its  temperature 
and  its  motion,  all  contributed  to  determine  whether  the  passage 
of  a  current  could  be  maintained  against  polarisation  and  insulation 
effects.  Inhibitors,  for  example,  acted  by  reducing  the  ionisation 
of  the  solution  or/and,  by  precipitation,  as  insulators. 

It  would  readily  be  admitted  that  the  reactions  were  very 
complex,  hence  the  frequent  simultaneous  occurrence  of  general 
corrosion,  Assuring  and  intercrystalline  cracking. 

As  suggested  by  Dr.  Adcock,  the  hydrogen  type  of  intercrys- 
talline cracking  produced  at  high  temperatures  and  pressures  had 
a  different  mode  of  formation,  in  which  electrolysis  was  probably 
not  the  dominating  factor. 


AUTHORS'  REPLIES. 


Dr.  C.  H.  Desch,  F.R.S.,  in  reply  to  Dr.  Evans,  wrote  that  his 
own  observations  were  in  agreement  with  those  of  Wooster  and 
Nockolds,  and  there  was  no  doubt  that  the  texture  of  the  iron  oxide 
produced,  as  well  as  its  composition,  had  a  great  effect  on  the  nature 
of  the  corrosive  attack.  This  was  probably  the  way  in  which  some 
of  the  organic  inhibitors  exerted  their  effect.  On  the  other  hand, 
he  did  not  think  that  the  suggested  explanation  of  the  localisation  of 
attack  in  the  grain  boundaries  was  a  complete  one.  If  it  were, 
corrosion  should  be  much  more  frequently  intercrystalline  than  it 
was.  The  most  marked  characteristic  of  such  corrosion  was  its 
highly  specific  character,  only  a  very  few  reagents  being  active. 
Many  brasses,  even  under  stress,  could  be  corroded  by  ammonia 
without  any  preferential  attack  on  the  boundaries,  and  brasses 
susceptible  to  such  attack  by  ammonia  or  mercury  would  corrode 
quite  evenly  in  other  reagents. 

Mr.  Barr's  experiments  were  very  interesting.  There  was  no 
doubt  that  both  the  oxygen  and  the  hydrogen  type  of  attack  could 
occur,  and  the  conditions  determining  them  would  well  repay 
investigation.  Why  was  it,  also,  that  sometimes  a  susceptible 
steel  under  stress  could  be  kept  in  a  boiling  solution  of  ammonium 
nitrate  until  a  large  part  of  it  had  dissolved,  without  any  indication 
of  intercrystalline  attack  ? 

Dr.  Frank  Adcock  wrote  that  he  did  not  feel  that  he  could  make 
any  useful  reply  to  the  correspondence  on  the  papers,  but  wished  to 
thank  Mr.  Barr  for  his  most  interesting  observations. 
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THE  THERMAL  RELATIONS   BETWEEN 

INGOT  AND  MOULD.* 

By  T.  F.  RUSSELL  (Sheffield). 

Paper  No.  4/1940  of  the  CommiUee  on  the  Heterogeneity  of  Steel 
Ingots  {submitted  by  the  Stresses  in  Moulds  Panel  of  the  Ingot 
Moulds  Sub-Committee), 

Synopsis. 

Sait6'8  fonniiliB  for  the  distribution  of  heat  between  ingot  and 
mould  are  examined  quantitatively.  The  practical  variations  from 
the  ideal  case  are  discussed,  and  it  is  thought  that  the  possibility  of 
deriving  more  exact  formulsB  than  Saitd*s  is  very  remote. 

Examples  are  worked  out  for  circular  and  square  ingots  of  the 
same  cross-sectional  area  cast  into  moulds  of  four  different  thick- 
nesses. Curves  are  drawn  showing  the  temperature  at  different 
points  in  the  ingot  and  moulds,  the  temperature  distribution  across 
a  diameter  and  the  total  quantities  of  heat  in  the  ingot  and  mould 
at  different  times.  Curves  are  also  drawn  to  show  the  effect  of 
**  mould  ratio  **  on  the  temperature  cycle  occurring  in  the  ingot  near 
to  the  mould  wall  and  on  the  time  taken  for  the  temperature  at  the 
centre  of  an  ingot  to  fall  certain  amounts  representing  solidification. 
The  latter  show  that  solidification  is  accelerated  by  increasing  the 
mould  thickness  until  the  mould  ratio  is  about  0*^1 -0,  but  that 
further  increase  in  mould  thickness  has  an  inappreciable  effect. 

Four  sets  of  experimental  results  on  the  measurement  of  mould 
temperature  are  examined,  and  they  show  that  the  greatest  differ- 
ence between  theory  and  practice  is  found  at  positions  in  the  mould 
near  to  the  inner  face.  This  is  attributed  to  the  effect  of  the  air- 
gap  forming  between  the  ingot  and  the  mould. 

Introduction. 

One  of  the  terms  of  reference  of  the  Stresses  in  Moulds  Panel  of 
the  Ingot  Moulds  Sub-Committee  (a  Sub-Committee  of  the  Hetero- 
geneity of  Steel  Ingots  and  Open-Hearth  Committees)  reads  as 
follows  :  "To  determine,  if  possible,  the  magnitude  of  the  stresses 
developed  in  the  wall  of  an  ingot  mould  by  a  mathematical  analysis 
of  the  temperature  gradients  and  other  conditions  set  up  during  and 
after  casting  the  ingot.'* 

Obviously,  the  first  step  must  be  to  examine  thoroughly  known 
formulsB  for  temperature  distribution  in  the  mould.  As  a  fairly 
large  number  of  examples  had  already  been  worked  out  in  the 
metallurgical  laboratories  of  the  English  Steel  Corporation,  the 
author  obtained  permission  to  prepare  a  paper,  which  is  now 
presented. 

The    determination    of   the    exact    mathematical    relationship 

♦  Received  October  4,  1940. 
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between  the  temperature  distribution  in  an  ingot  and  mould  and 
the  time  which  has  elapsed  since  cooling  commenced  presents  a 
problem  of  such  complexity  that  it  is  safe  to  prophesy  that  many 
years  must  pass  before  any  real  advance  is  made  on  the  present 
position  of  knowledge,  estabUshed  by  the  outstanding  works  of 
Sait6  <2)  and  of  Lightfoot/*"-^) 

Perhaps  the  chief  obstacle  to  further  progress  is  the  variation 
in  the  thermal  diffusivity  of  a  steel  with  temperature.  Even  if  the 
exact  functional  relationship  could  be  determined  by  such  researches 
as  those  of  Sub-Committee  A,  Thermal  Treatment,  of  the  Alloy 
Steels  Research  Committee  on  the  thermal  properties  of  steels, 
it  would  be  extremely  difficult,  if  not  impossible,  to  deal  with  such 
functions  in  a  mathematical  treatment ;  up  to  the  present  time  all 
theoretical  investigations  have  presupposed  a  constant  diffusivity. 

There  are  many  other  factors,  most  of  which  are  enumerated 
below,  which  disturb  the  purely  theoretical  considerations  dealt 
with  in  this  paper  and  increa*se  enormously  the  difficulty  of  finding 
more  exact  solutions  than  those  developed  by  Sait6  nearly  twenty 
years  ago.  In  fact,  it  can  be  confidently  stated  that,  as  long  as 
casting  procedure  and  pit  practice  are  what  they  are  to-day,  a  rigid 
mathematical  solution  will  never  be  found,  as  the  meUMurgisi  is 
totally  unable  to  stale  his  problem  to  the  mathematician. 

Nevertheless,  even  such  an  apparently  formidable  array  of 
disturbing  influences  should  not  deter  us  from  examining  thoroughly 
those  formulffi  which  are  based  on  theoretical  assumptions  at  least 
approximating  to  practical  conditions.  It  should  then  be  possible 
to  deduce  some  fundamental  principles  which  can  be  compared  with 
works  exx)erience,  or  to  compare  calculated  time-temperature 
curves  for  certain  points  in  a  mould  with  experimental  results. 
These  comparisons  may  show  that  there  is  no  satisfactory  agreement 
between  theory  and  practice,  but  at  the  same  time  they  may  show 
in  which  direction  the  disturbing  influences  work,  or  even  that  the 
total  effect  of  them  is  neglectable  in  certain  cases.  The  reader  is 
left  to  judge  for  himself. 

The  reason  why  known  formulae  have  not  hitherto  been  thoroughly 
examined  is  undoubtedly  that  graphical  determination  of  the  roots 
of  the  equations  given  below  is  not  a  satisfactory  process  and  that 
an  enormous  amount  of  laborious  work  is  required  to  interpret  the 
formulae  arithmetically.  The  calculations  were,  however,  faciUtated 
by  the  use  of  a  Monroe  eight-figure  calculating  machine  and  the 
Mathematical  Tables  pubUshed  by  the  British  Association  for  the 
Advancement  of  Science,  volume  1  containing  circular  fimctions  and 
volume  6,  part  1,  Bessel  functions  of  the  order  zero  and  unity. 

Symbols  Used. 

T|     =  initial  temperature  of  the  steel. 

Tq     =  initial  temperature  of  the  mould  and  surroundings. 

T      —  variable  temperature  at  any  point  in  the  ingot  or  mould. 
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^    -  r,  -  r.- 

t  =  time,  measured  from  the  commencement  of  cooling. 

Q  =  quantity  of  heat. 

c  =  constant  of  proportionality  in  Newton's  law  of  cooling. 

k  ==  thermal  conductivity. 

^    =1- 

26  or  2w      =  inner  dimensions  of  round  or  rectangular  moulds. 

2B  or  2  IT   =  outer  dimensions  of  round  or  rectangulcur  moulds. 

H      =hB. 

r       =  distance  of  any  point  in  a  circulcir  ingot  or  mould  fW>m  the  centre. 

X,  y  —  co-ordinates  of  any  point  in  a  rectangulcir  ingot  or  mould — origin 

at  the  centre  of  the  ingot  and  axes  parallel  to  the  sides. 
9       =s  specific  heat  of  the  ingot  and  mould  materials. 
p       =  density  of  the  ingot  and  mould  materials. 

a*     =s  —  =  thermal  diffusivity. 
op 

J^     =  the  Bessel  function  of  the  first  kind — order  zero. 

J I     =  the  Bessel  fimction  of  the  first  kind — ^first  order. 


Basic  Assumptions  in  Thebmal  Fobmuue. 

It  is  not  considered  necessary  to  deal  in  this  place  with  those 
formulae  which,  whilst  being  of  mathematical  interest,  deal  with 
cases  far  removed  &om  those  met  with  in  practice.  Examples  of 
such  cases  are  the  cooling  of  an  ingot  in  a  mould  the  outer  face  of 
which  is  adiabatic,  the  cooling  of  a  finite  ingot  in  an  infinite  mould, 
or  the  cooling  of  the  face  of  a  semi-infinite  ingot  in  contact  with  a 
finite  slab.  They  represent  the  extreme  or  limiting  cases  of  the  one 
considered  here,  namely,  the  more  practical  case  of  a  finite  ingot 
and  a  finite  mould  which  loses  heat  from  its  outside  surface. 

The  formulae  given  below  are  based  on  the  following  assumptions  : 

(1)  That  there  is  no  IcUent  heai  of  solidification,  or  latent  heat  of  phase 
changes  in  the  solid  state. 

Actually,  both  these  latent  heats  are  present.  Saitd  studied  the 
problem  of  the  latent  heat  of  phase  changes,  but  only  for  the  cooling 
of  infinite  slabs  and  cylinders  the  outsides  of  which  were  kept  at 
constant  temperature,  0°  C,  so  that  his  formulae  are  not  appUcable 
to  ingots  and  moulds.  On  the  other  hand,  Lightfoot  dealt  with  the 
latent  heat  of  soUdification,  but  chiefly  from  the  point  of  view  of  its 
effect  on  the  rate  of  soUdification  of  molten  steel .  Even  this  problem 
proved  to  be  so  difficult  that  complete  solutions  could  be  found  only 
for  the  purely  hypothetical  cases  of  a  semi-infinite  mass  of  molten 
metal,  originally  at  constant  temperature,  the  boundary  a:  =  0 
being  either  kept  at  0°  C.  or  placed  in  contact  with  a  semi-infinite 
mass  of  steel  originally  at  0°  C. 

The  difficulties  met  with  when  dealing  with  the  latent  heat  of 
soUdification  must  be  very  much  increased  if  the  latent  heat  of 
phase  changes  in  the  solid  state  is  to  be  considered,  for  both  the 
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quantity  of  this  latent  heat  and  the  range  of  temperature  over 
which  it  is  given  up  depend  upon  the  rate  of  cooling.  Moreover, 
in  the  same  ingot,  particularly  if  the  ingot  is  of  alloy  steel,  it  may 
happen  that  different  parts  of  the  ingot  will  give  up  different 
amounts  of  latent  heat  in  either  the  Ar'  or  the  Ar"  or  both  ranges  of 
temperature.  How  can  one  ever  hope  to  deal  mathematically  with 
this  aspect  of  the  case  ? 

(2)  Thai  the  initial  dimenaiona  do  not  alter,  and  the  ingot  and  mould 

are  in  contact  the  whole  time  during  the  cooling  of  the  ing(^. 

It  is  known,  however,  that  these  dimensions  are  varying  during 
the  whole  of  this  time,  so  much  so  that  shortly  after  the  solicUfication 
of  the  parts  of  the  molten  metal  in  contact  with  the  mould  there  is  an 
air-gap,  which  itself  changes  in  thickness,  between  the  ingot  and  the 
mould.  Both  Lightfoot  and  McCance  *^^*  have  considered  the  effect 
of  the  air-gap  and  there  seems  to  be  no  doubt  that  its  presence  will 
slow  up  both  the  cooling  of  the  ingot  and  the  heating  of  tne  mould. 

(3)  ThcU  the  liquid  steel  in  any  horizontal  layer  is  tranquil. 

This  assumption  cannot  be  correct,  for  there  are  convection 
currents  in  the  layer  as  long  as  any  portion  remains  liquid.  These 
currents  are  caused  by  the  pouring  process,  the  evolution  of  ^ases 
when  present,  the  movement  of  liquates  and  segregates  and  the 
downward  movements  of  crystallites  during  the  differential  freezing 
of  the  metal. 

(4)  Thai  heat  transfer  takes  place  parallel  to  one  plane  only,  viz.,  a 

plane  at  right  angles  to  the  axis  of  the  ingot,  and  there  is  no  flow  of 
heal  across  the  axis. 

As  stated  in  paragraph  (3)  above,  there  is  an  exchange  of  heat 
between  different  layers  due  to  convection  currents,  but  the  total 
effect  on  the  rate  of  cooling  may  be  neglected.  There  is  also  a 
flow  of  heat  downwards  due  to  the  effect  of  the  bottom  plate.  A 
quantitative  allowance  may  be  made  for  this,  but  if  the  considered 
layer  be  sufi&ciently  far  removed  from  the  bottom  plate,  the  effect 
of  bottom-plate  cooling  is  very  small.  The  loss  of  heat  from  the 
layer  due  to  the  air  is  of  importance  only  inasmuch  as  it  alters 
the  value  of  T^  {see  next  paragraph),  or  if  the  layer  is  very  near  to 
the  top  of  the  ingot. 

(5)  Thai  the  molten  steel  is  originally  at  a  uniform  temperature  and 

the  whole  of  the  mould  is  at  the  temperature  of  the  surroundings. 

As  time  is  required  to  fill  a  mould,  and  as  during  this  time  the 
molten  steel  is  losing  heat  by  cooling  in  the  ladle  and  by  air-cooling 
of  the  stream  from  the  ladle  to  the  ingot,  the  value  of  the  steel 
temperatiure  will  tend  to  decrease,  as  the  steel  rises,  from  the  bottom 
to  the  top  of  the  ingot ;  similarly  the  mould  temperatiure  tends  to 
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increase.    T^  is  the  temperature  of  the  steel  when  it  comes  in  contact 
with  the  mould.     To  is  the  original  mould  temperature. 

(6)  TfuU  the  thermal  diffusivitiea  oj  moUen  steely  solid  steel  and  the 

cast-iron  mould  maieriai  are  equal  to  one  another  and  independent 
of  temperature. 

As  already  stated,  this  assumption  cannot  be  justified.  It  is 
probable,  however,  that  there  is  not  much  difference  at  any  one 
temperature  between  the  diffusivities  of  the  pearlitic  steels  and  of 
cast  iron.    An  average  value  over  a  range  of  temperature  has  been 

used. 

« 

(7)  TJuU  the  temperature  gradierU  ai  the  surface  of  the  mould  is  prO' 
portionai  to  the  difference  in  temperature  between  the  mx/uld  surface 
and  the  surroundings. 

This  is  a  form  of  Newton's  law  of  cooling,  which  states  that  the 
rate  of  loss  of  heat  irom  a  surface  is  proportional  to  the  difference 
in  temperature  between  that  surface  and  the  surroundings ;  i.e., 
if  T  is  the  temperature  of  the  mould  at  any  time  : 


f = Hf  ).  =  -(-.- -.). 


where  suffix  s  denotes  quantities  taken  at  the  surface  of  the  mould. 
Put 


C/,  = 


T.-T, 


T,  -  To' 
then 

(dU\   _dT,  1 

\dr),  -  dr  'T^-To 
where 

Now,  it  is  known  that  Newton's  law  holds  only  for  small  tem- 
perature differences  and  also  that  the  conductivity  k  varies  with 
temperature,  so  that  again  this  theoretical  assumption  cannot  be 
fully  justified.  Even  if  this  seventh  assumption  were  reasonably 
correct,  it  is  inconceivable  that  the  value  of  h  would  not  be  modified 
to  some  extent  by  external  influences,  such  as  weather  conditions, 
the  type  of  casting  pit,  the  presence  of  other  ingot  moulds,  &c. 
Saitd  derived  his  value  for  h  (hjk  in  Saitd's  notation)  theoretically 
from  an  approximation  to  Stefan's  fourth-power  radiation  law, 
using  the  values  4*3  x  10-^  erg  per  cm.^  deg.*  for  the  radiation 
constant  and  0-09  cal.  cra.-^  sec.-^  (°C.  cra.-i)-^  for  the  thermal 
conductivity.  This  gives  h  =  0-0102  for  an  average  temperature 
of  610**  K.  (337°  C).  From  experiments  in  the  laboratories  of  the 
English  Steel  Corporation,  Ltd.,  on  the  air-cooling  of  bars  of  different 
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steels  varying  &om  ^  in.  to  6  in.  in  dia.,  it  has  been  found  that  a 
good  average  value  of  h  over  a  range  of  temperature  &om  700°  C.  to 
atmospheric  temperature  is  0-015  c.g.s.  unit.  This  value  has  been 
used  throughout  the  present  work,  but  it  is  a  simple  matter  to 
interpret  quantitatively  all  the  curves  given  for  any  other  value  of  h, 
as  will  be  explained  later.  One  example  only  is  given  of  the  effect 
on  mould-temperature  curves  of  altering  h  from  0*015  to  0*010, 
see  Figs.  29  and  30. 

FoRBcuL^  Used  fob  the  Calculations. 

The  cases  dealt  with  are  those  of  ingot  and  mould,  either  both 
circular  or  both  rectangular.  No  attempt  has  been  made  to  deal 
with  other  sections;  the  simple  ones  are  troublesome  enough. 
Rounded  comers  and  concave  or  convex  sides  have  their  effect 
localised  near  the  surface,  and  their  effect  becomes  less  as  the  distance 
irom  the  face  of  the  ingot  increases.  Slab  ingots  may  therefore  be 
treated  as  their  equivalent  rectangular  ingots  and  multi-sided  ingots 


Fio.  1. — Dimensions  of  the  Ingots  and  Moulds  Considered. 

as  circular  ones,  in  both  cases  the  mould  ratio  being  kept  the  same 
as  in  the  one  considered,  where  '*  mould  ratio  "  is  denned  as  the 
cross-sectional  area  of  the  mould  per  unit  area  of  the  ingot,  e.g.y 
(B^  -  b^)lb^  in  Fig.  1  (a). 

The  concept  of  mould  ratio  for  describing  the  relative  sizes  of 
the  mould  and  ingot  is  far  from  satisfactory  and  should  only  be 
used  for  comparing  among  themselves  ingots  which  have  moulds 
the  outside  dimensions  of  which  are  geometrically  similar  to  those 
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of  the  ingots.  This  arises  from  the  fact  that  the  cooling  of  an  ingot 
depends  on,  amongst  other  things,  the  area  of  the  ingot  in  contact 
with  the  mould,  the  area  of  the  mould  exposed  to  the  atmosphere 
and  the  thickness  of  the  mould  wall.  If  a  square  ingot  and  a  cir- 
cular ingot  have  the  same  cross-sectional  area  and  are  surrounded 
by  moulds  which  give  the  same  mould  ratio,  then  the  square  mould 
has  2lVn  times  more  area  in  contact  with  the  ingot,  and  exposes 
2/\/7c  =  1*128  times  more  surface  to  the  atmosphere,  but  the  thick- 
ness of  the  wall  is  only  Vnl2  =  0-886  of  that  of  the  circular  mould. 
A  similar  comparison  with  a  rectangular  ingot  in  a  geometrically 
similar  mould  of  which  the  long  side  is  n  times  the  short  side  shows 

that  the  rectangular  mould  exposes  (1  +  n)ly/nn  times  more  area 

than  the  circular  mould,  and  has  (1  -f  n)ly/Ttn  times  more  area 

in  contact  with  the  ingot ;  the  thickness  of  the  long  face  is  jV^r/n, 

and  of  the  short  face  \y/mz  times  the  thickness  of  the  circular 
mould. 

The  formulae  used  are  essentially  those  developed  by  Sait6. 
Those  for  rectangular  ingots  and  moulds  have  been  modified  by 
moving  the  origin  of  the  axes  of  the  co-ordinates  from  the  comer  of 
the  mould  to  the  centre  of  the  ingot ;  this  simplifies  the  arithmetical 
work  and  makes  the  formulae  more  flexible. 

Formulas  for  Circular  Ingots  and  Moulds. 

The  temperature  at  any  point  r  in  the  ingot  or  mould  is  given  by  : 

where  ^  is  given  by 
and 


A\^2-^iJL^ 


The  fraction  of  the  initial  total  heai  in  the  mould  at  time  t  is : 

=:::r-.'.-"*^(f)'i{Aw-^(4))- 

The  fraction  of  the  initial  total  heat  in  the  ingot  at  time  t  is  : 

In  the  above  formulae  h  and  B  indicate  the  inner  and  outer 
radii  of  the  mould  and  a^  is  the  thermal  dififusivity . 
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Formulas  for  Rectangular  Ingots  and  Moulds. 

The  temperaiure  at  any  jmnt  x,  y  in  the  ingot  or  mould  is  given 
by : 

^ = s;; :  r  2:;;; :  r  ^nAj^e-  -b^-^wt^s  (|^)  cos  (?^), 

where  [t^  is  given  by  ijl„  tan  [t^  =  hB  =  H' 
and     c^         „  c^tB.nCm  =  hW  =  H'\ 

and 

2flr'8in^ 


2H"8m^^ 


c«(H"  +  flin«  e^) 


The  fraction  of  the  initial  total  heat  in  the  ingot  and  mould  at  any 
time  t  is  : 

S,-l   S„_i  ^.^-«      *'         "™  g^^j;^ sin M. Bine 
TAe  fraction  of  the  initial  total  heat  in  the  ingot  at  any  time  t  is  : 


.H  ^  oc  —-tn  ■■  * 


^n-1    -"m-l    -^••-^«  * 


aWf      o*c,«*'     PUT  ..I         ^  ,^ 


sm  -rr  Sin 


fr«;^c«''*"  ^  ""*   IK- 


In  the  above  formulae  2B  and  2W  are  the  external  dimensions 
of  the  mould  and  2b  and  2w  the  inner  side  lengths. 

All  the  terms  used  have  been  defined  except  the  "  fractional 
quantity  of  heat."  If  a  circular  mould  and  the  surrounding 
atmosphere  are  at  temperature  Tq  and  the  mould  is  filled  with  molten 
metal  at  temperature  T^  then  one  can  say  that  the  heat  added  per 
unit  length  of  the  mould  is  : 

where  o  is  the  specific  heat  and  p  the  density.  This  quantity  of 
heat  passes  through  the  mould  into  the  air,  and  it  is  the  fraction 
of  this  quantity  present  in  the  ingot  and  mould  at  any  time  which 
has  been  calculated. 

It  is  obvious  that  this  fractional  quantity  of  heat  when  multiplied 
by  (Tj  —  Tq)  gives  the  average  temperature  of  the  ingot  and  mould. 

In  work  of  this  kind  the  numerical  values  apply  only  to  par- 
ticular cases  and  are  of  no  use  for  others,  so  for  this  reason  the  actual 
values  have  not  been  recorded  in  this  paper,  but  they  are  available 
and  may  be  consulted  if  desired. 
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The  Effect  of  Mould  Thickness  on  the  Rate  of  Solidification 

OF  THE  Ingot. 

(a)  Circular  Ingots  and  Moulds. 

To  study  the  theoretical  aspect  of  the  effect  of  mould  thickness 
on  the  rate  of  solidification  and  the  subsequent  cooling  of  an  ingot, 
four  cases  have  been  considered;  full  particulars  are  given  in 
Table  I. 

Table  I. — Dimensions  of  Circular  Ingots  and  Moulds. 


£r(-  h  X  B): 

0-8 

0-9 

1-0 

M 

6,  radius  of  insot.     Cm. 

J3,  external  radius  of  mould.     Cm. 

6/B 

Mould  ratio           .... 
Dia.  of  ingot.     In.         .          .          . 
Thickness  of  mould.     In. 

46} 
53} 

0-306 
36-75 
2-625 

46} 
60 

I 
0-653 

36-75 

5-249 

46} 
66} 

1-041 
36-75 
7-874 

46} 
73} 

1-469 
36-75 
10-499 

All  the  ingots  are  of  the  same  diameter  and  are  supposed  to  be 
cast  into  moulds  of  different  thicknesses.  The  necessary  calculations 
for  drawing  the  curves  were  then  made.  The  value  of  h  has  been 
taken  as  00 15  throughout,  but  the  curves  are  equally  applicable  for 
any  assumed  value  of  A  by  a  suitable  modification  of  the  ingot  and 
mould  size.  Supposing,  K)r  example,  that  a  more  accurate  deter- 
mination of  the  best  average  value  of  h  is  found  to  be  ^  =  0-010, 
then  the  new  diameter  of  the  mould  Bi  for  the  first  ingot,  where 
H  =  0-8,  is  B^  =  0-80/0-01  =  80  cm.  As  the  mould  ratio  must 
be  kept  constant,  the  new  value  of  the  ingot  radius  fc^  =  70  cm.,  and 
the  new  value  of  (aH)-^  is  aH  x  B-^jB^.  This  must  not  be  misinter- 
preted into  a  general  statement  that,  for  geometrically  similar  ingots 
and  moulds,  the  time  required,  say,  for  any  part  to  fall  through  a 
given  range  of  temperatiu'e  is  proportional  to  the  square  of  a  linear 
dimension ;  that  statement  would  be  true  only  liHy  i.e.,  the  product 
of  h  and  B,  could  be  kept  constant. 

On  the  so-called  time-temperature  curves  the  co-ordinates  are  U 
(non-dimensional)  and  aH  in  c.g.s.  units,  the  latter  being  used 
because  the  best  average  value  of  a*  is  not  known. 

The  curves  may  now  be  examined  in  more  detail.  A  question 
which  is  often  discussed  is :  WTiat  is  the  effect  of  the  mould  thickness 
on  the  rate  of  soHdification  of  a  steel  ingot  ?  A  study  of  the  published 
literature  shows  that  there  are,  or  were,  two  distinct  schools  of 
thought.  Experimental  evidence  has  been  put  forward  which 
proved  that  an  increase  of  mould  thickness  increases  the  rate  of 
soUdifioation ;  other  experimental  evidence  has  shown  equally 
convincingly  that  an  increase  of  mould  thickness  has  no  effect  on 
the  rate  of  soUdification,  and  at  least  one  paper  has  been  published 
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which  purported  to  show  that  heat  is  extracted  more  quickly  by  a 
thin  mould  thaa  by  a  thick  mould.*^^*  The  latter  view  does  not  seem 
to  follow  logically  from  the  experimental  results  and  will  be  reserved 
for  discussion  later,  but  the  other  two  conflicting  opinions  can  now 
be  reconciled.  The  problem  may  be  approachra  from  either  one 
of  two  dkections  :  The  effect  of  mould  thicEness  on  the  time  required 


-000  /SOO         2000 

at  Centre  of  Circulttr  Ingot. 


for  the  centre  of  the  ingot  to  solidify,  or  its  effect  on  the  total  quan- 
tity  of  heat  extracted  from  the  ingot  in  a  given  time.  An  allowance 
must  be  made  for  the  latent  heat  of  solidification  and  for  some  degree 
of  superheat.  It  has  been  suggested  that  the  latent  heat  may  be 
considered  as  an  increase  in  initial  temperature,  and  this  suggestion 
is  used  here.  Now  Fig.  2,  which  gives  the  temperature  fall  at  the 
centre  of  the  circular  ingot,  shows  that  the  time  required  for  V  to 
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fjGill  &om  1  to  as  low  as  0*8  is  appreciably  less  when  the  mould  ratio 
is  0-65  than  when  it  is  0*3 ;  the  time  is  slightly  less  still  when  the 
mould  ratio  is  1*0,  but  this  time  decreases  by  only  a  very  small  amoimt 
when  the  mould  ratio  is  increased  to  1'47.  If  it  be  assumed  that 
the  ingot  has  solidified  to  the  centre  when  U  =  0*8,  this  would 
correspond  to  a  solidus  temperature  of,  say,  1450''  C,  and  if  the 
temperature  of  the  mould  be  taken  as  25"^  C,  then  the  combined 
e£fect  of  latent  heat  and  superheat  in  this  case  would  be  equivalent 
to  an  initial  temperature  356°  C.  above  the  solidus  temperature,  as  : 


1460  -  26 


(1460  H-  366)  -  26 


=  0-8. 


The  e£fect  of  the  mould  ratio  on  the  time  required  for  the  centre 
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Fig.  3. — Effect  of  the  Mould  Ratio  on  the  Time  required  for  an  Ingot  to 
SoUdify  (or  for  C/  to  f aU  to  003,  0-90,  0-86,  0*80). 

of  an  ingot  to  solidify  is  shown  more  clearly  in  Fig.  3,  where  the  times 
— ^in  terms  of  aH — ^required  for  the  centre  of  the  ingot  to  reach 
U  =  0*93,  0-90,  0-85  and  0-80  are  plotted  against  the  mould  ratio. 

This  theoretical  treatment  shows  that  there  can  be  no  advantage, 
&om  the  point  of  view  of  promoting  rapid  solidification  of  an  ingot, 
in  increasing  the  mould  ratio  above  1-0,  even  for  casting  temperatures 
far  in  excess  of  those  ever  used,  and  above,  say,  0-8  for  normal 
practice. 

Fig.  3  appears  to  throw  some  Ught  on  the  disputed  question 
of  whether  tmck  or  thin  moulds  promote  soUdification  more  rapidly. 
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If  an  invoatigator  had  examined  two  ingots  of  the  same  size  oast 
into  two  moulds,  one  having  a  mould  ratio  of,  say, 
less  than  0-6  and  the  other  having  a.  mould  ratio 
of  10  or  more,  he  would  probably  have  reported 
in  favour  of  the  heavy  mould.  On  the  other 
band,  if  both  moulds,  whilst  differing  appreciably 
in  thioknesB,  had  mould  ratios  in  excess  of,  say, 
0-8,  the  conclusion  might  have  been  that  there 
was  no  advantage  in  the  thicker  mould.  A 
similar  reasoning  also  applies  to  a  more  or  less 
parallel-sided  ingot  cast  into  a  tapered  mould 
with  its  thick  walls  at  the  bottom  to  promote 
solidiiicatioQ  from  the  bottom  upwards.  Such  a 
mould  would  probably  be  more  effective  for  its 
purpose  if  designed  on  data  such  as  those  given 
in  Fig.  3. 

The  only  experimental  work  known  to  the 
author  which  purports  to  show  that  ingots  cool 
more  quickly  in  thin-sided  moulds  is  that  of 
Granat  and  Bezdenezhnykh.'^^'  These  workers 
used  a  specially  designed  mould,  the  dimensions 
of  which  are  shown  in  Fig.  4,  and  they  inserted 
thermocouples  through  the  thinncHt  and  thickest 
parts  of  the  mould  bo  that  the  hot  junctions 

extended  30  mm.  into  the  liquid  steel.    Time -temperature  curves 


fO.  4. — Experi- 
mental Uould 
Used  lyvOranat 
and  Bezdene- 
slmjrkh. 


200  -too  600  aoo       /ooo 

a'f. 
Fid.  0. — Proctional  Total  Heat  in  Circular  Ingot  Plotted  against  Time. 

taken  at  these  points  undoubtedly  show  that  tn  this  ingot  mould  the 
metal  near  to  the  thin  face  cooled  more  quickly  than  that  near  the 
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thick  face,  but  it  seems  illogical  to  conclude  that  the  same  effect  will 
be  foimd  in  moulds  of  constant  mould  thickness.  In  the  latter,  heat 
is  lost  by  the  mould  only  by  radiation  to  the  air,  whereas  in  the 
former  quite  an  appreciable  quantity  of  heat  must  be  lost  by  the 
thin  side,  owing  to  conduction  to  the  thick  side.  The  effect  then  is 
that  of  artificially  cooling  the  thin  wall  and  heating  the  thick  wall 
while  the  cooling  of  the  steel  is  taking  place. 

Fig.  5  shows  the  total  heat  in  the  ingot — ^as  a  fraction  of  the 
initial  heat — ^plotted  against  time.  If  soUdification  is  complete  at 
U  =  0*93  then  it  is  seen  from  Fig.  2  that  the  ingots  with  mould 
ratios  of  1*04  and  1*47  have  solidified  at  aH  equal  to  about  210,  and 
Fig.  5  shows  that  by  increasing  the  mould  ratio  from  104  to  1*47 
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Fio.  6. — Effect  of  the  Mould  Ratio  on  the  Fractional  Total  Heat   n  a 

Circular  Ingot. 


the  total  heat  has  fallen  in  this  time  only  from  0*665  to  0-660; 
even  in  what  must  be  considered  the  most  extreme  case,  i.e.,  when 
IJ  =  0*80  and  o?i  is  about  370,  the  total  heat  in  the  ingot  has  fallen 
only  from  0*68  to  0*572. 

Fig.  6  shows  these  general  features  in  a  different  way;  the 
total  heat  in  the  ingot  at  constant  times  is  plotted  against  the 
mould  ratio,  whilst  Fig.  7  shows  similar  curves  for  the  total  heat  in 
the  mould. 

Time-temperature  cooling  curves  for  points  on  the  diameter 
of  the  ingot  and  mould  are  given  in  Figs.  8-11  and  the  temperature 
distribution  across  the  ingot  and  mould  is  shown  in  Figs.  12-15. 
The  temperature-distribution  curves  are  for  the  same  time  periods 
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Fia.  7. — Effect  of  the  Mould  Ratio  on  the  Fractional  Total  Heat  in  the 

Mould  of  a  Circular  Ingot. 
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Fio.  8. — Time-Temperature  0>oling  Curves  for  Points  on  the  Diameter  of  a 

Circular  Ingot  with  a  mould  ratio  of  0*306. 
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Fio.  9. — ^Time-Temperature  Cooling  Curves  for  Points  on  the  Diameter  of 

a  Circular  Ingot  with  a  mould  ratio  of  0*653. 
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Fio.  10. — ^Time-Temperature  Cooling  Curves  for  Pointft  on  lYve  T^xcybV^x  ^\ 

a  Ciroular  Ingot  with  a  mould  ratio  ot  \*04\. 
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for  each  ingot,  so  that  the  effect  of  mould  thickneee  is  readily  seen. 
The  unit  interval  of  time  is  aH  =  50,  so  that  a  curve  marked  20  ia 
for  a  time  given  by  aH  =  1000  after  cooling  has  commenced.  One 
of  the  most  interesting  points  brought  out  by  these  curves  ia  that 
for  mould  ratios  of  0-306  and  0  653— Figs.  12  and  13— there  are, 
near  to  the  mould  wall,  some  portions  of  the  ingot  which  ioU 
in  temperature  and  then  rise  again  before  they  finally  cool  off. 
With  mould  ratios  of  1-041  and  1-469  all  parts  of  the  ingot  cool 
continuously,  although  parts  near  to  the  mould  wall  fall  very  slowly 
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over  the  time  interval  o'i  —  50  to  aH  =  500,  SaitS,  by  calculation, 
also  found  that  in  a  circular  ingot  of  80  cm.  radiu»  (63  in.  in  dia.) 
surrounded  by  a  mould  20  cm.  (7-87  in.)  thick  and  therefore  having 
a  mould  ratio  of  05625,  there  are,  near  to  the  mould  wail,  parts  of 
the  ingot  which  go  through  thia  temperature  cycle.  The  influence 
of  mould  thickness  on  the  cooling  at  a  point  in  the  ingot  2  cm.  from 
the  mould  wall  is  shown  in  Fig.  16.  The  rise  in  temperature  even 
at  this  distance  from  the  mould  face  is  stQl  evident  with  a  mould 
ratio  of  0-«63. 
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(&]  Square  IngoU  aitd  Moulds. 

The  square  ingot  considered  bad  a  crosB-sectional  area  approxi- 
mately equal  to  that  of  the  circular  ingot  already  described.  At 
first  it  was  intended  to  surround  this  ingot  with  four  moulds  which 
would  have  mould  ratios  equal  to  those  of  the  circular  ingot,  but 
this  led  to  such  "  awkward  "  values  of  H  that  it  was  ultimately 
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decided  to  use  simple  values  of  H  (0-7,  0-8,  09  and  10),  although 
this  meant  different  mould  ratios.  A  direct  comparison  between 
round  and  square  ingots  could  then  be  obtained  by  plotting  principal 
values  against  mould  ratios.  Particulars  of  the  ingots  and  moulds 
— «c  Fig.  1  (6) — are  given  in  Table  II. 

Table  II. — Dime?tsion^  of  Square  Ingots  and  Moulds. 


fl(-  *  X  B) : 

08 

<ft 

1-0 

b,  half  aide  of  ingot.    Cm.      . 

B,   half  side,   external,   of   mould. 

Cm 

Mould  ratio          .... 
Side  of  ingot.     In.         .          .          . 
ThicknosB  of  mould.     In.       . 

40-58 

0-323 
31-95 
2-306 

40-58 

m 

0-727 
31-95 
0-021 

40-58 

60 

1186 
31 -95 

7-e4« 

40  68 

66| 

1-6BB 
31-96 
10-270 

moor  AlfD   MOULD. 


Fig.  17  shows  the  time-temperatnie  cooling  curves  for  the  centre 
of  each  ingot,  and  Fig.  18  the  fraction  of  the  initial  heat  remaining 
in  the  ingot  plotted  againet  time. 

Fig.  19  gires  the  amount  of  heat  remaining  in  the  ingot  and 
Fig.  ^  the  amount  of  beat  in  the  mould  at  certain  times  plotted 
against  the  mould  ratio. 


500  >000 

Fia.  17.— Tompenture  F«U  «t  the  Centre  ol  a  Square  Ingot. 

Fig.  3  indicates  the  times  required  for  the  centre  of  the  ingot  to 
reach  temperatnrea  corresponding  to  17  "=  0-93,  0-90,  0-85  and 
0-80plotted  against  the  mould  ratio.  • 

These  curves  show  that  for  moulds  of  the  same  croes-sectional 
area  and  the  same  mould  ratio,  solidification  at  the  centre  takes 
place  more  quickly  for  a  square  ingot  than  for  a  round  ingot; 
e.g.,  from  Fig.  3,  if  the  mould  ratio  is  1,  then  the  time  for  the  centre 
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to  fall  to  (7  ==  0-93  is  c^i  =  186  for  a  square  ingot  and  cH  =  205 
for  a  round  ingot.    This  is  in  spite  of  the  fact  that  the  thickness 
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Fio.  18. — Fractional  Total  Heat  in  a  Square  Ingot  Plotted  against  Time. 
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Fio.  19.— Effect  of  the  Mould  Ratio  on  the  Fractional  Total  Heat  in  a 

Square  Ingot. 


of  the  square  mould  is  only  0*886  of  that  of  the  round  mould ;  the 
more  rapid  solidification  must  be  due  to  the  greater  surfia^e  of  con- 
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taot  between  the  ingot  and  the  mould,  and,  perhaps  to  a  leas  extent, 
to  the  greater  surface  exposed  to  the  air.  As  distinct  &om  circular 
moulds,  where  parts  of  the  ingot  near  to  the  mould  wall  will  fall  in 
temperature,  then  rise  and  ^11  again  only  if  the  mould  ratio  is 
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Jho.  21. — Bfiect  a!  the  Mould  R«tio  on 
the  Bate  of  Cooling  at  a  Point  in 
a  Square  Ingot  2  cm.  from  the 


Fig.  22. — Effect  of  the  Mould  Ratio  on 
the  Rate  of  Cooling  at  a  Point  in 
the  Corner  of  a  Square  Ingot  2  om. 
^m  each  Face. 


email,  there  is  always  some  part  of  a  square  ingot,  particularly 
near  the  comers,  which  will  undergo  this  cycle  of  temperature 
changes.  Fig.  21  shows  the  effect  of  mould  ratio  on  the  time- 
temperature  cooling  curves  for  a  point  in  the  ingot  2  om.  from  the 
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middle  of  a  face,  whilst  Fig.  22  contains  similar  curves  for  a  point  in 
the  comer  2  cm.  from  each  face. 


Comparison  of  Calculated  with  Practical  Results. 

The  value  of  any  theoretical  work  cannot  be  appraised  until  it 
is  put  to  a  practical  test.  Unfortunately,  the  author  knows  of 
only  two  published  works  where  the  investigators  have  compared 
theoretical  and  practical  results,  but  neither  of  these  is  wholly 
satisfactory.  Saito  calculated  the  temperature  rise  at  a  point  at 
mid-height  on  the  outside  of  a  mould  having  radii  of  27  and 
40  cm.,  using  an  initial  temperature  of  1500°  C.  and  diffiisivity 
value  of  00974,  and  compared  his  curve  with  the  practical  results 
obtained  by  T.  Kikuta  (reported  by  Sait6*^*).  The  agreement  is 
promising,  but  the  curves  would  have  agreed  better  still  if  a  lower 
value  for  the  diffusivity  had  been  used.  Matuschka^  measured 
the  temperature  rise  at  four  points  in  an  ingot  mould  and,  without 
giving  any  details  of  the  calculation  or  reproducing  the  calculated 
curves,  says  that  the  practical  results  show  good  agreement  with  the 
curves  calculated  by  the  methods  of  Saitd  and  Lightfoot.  Some 
of  Matuschka's  curves  have  been  re-examined  and  are  referred  to 
later. 

There  are,  however,  several  sets  of  results  of  experimentally 
determined  time-temperature  curves  for  points  in  a  mould,  and  at 
least  one  attempt  has  been  made  to  determine  the  cooling  curves 
for  a  point  inside  the  ingot  and  near  to  the  mould  wall.  Some  of 
these  have  been  examined  theoretically. 

In  1931  two  experiments  on  mould  temperatures  were  made  at 
the  Vickers  Works  of  the  English  Steel  Corporation,  Ltd.  One  of 
these  was  made  on  an  octagon  ingot  36  in.  across  the  flats,  and  tem- 
perature measurements  were  taken  at  a  point  half-way  in  the  ingot 
mould.  Planimetric  measurements  showed  that  the  mould  ratio 
was  1-211.  The  size  of  a  circular  ingot  having  the  same  area  as  the 
octagon  ingot  was  calculated,  and  also  the  size  of  a  mould  giving 
the  same  mould  ratio.  This  gave  a  value  of  H  =  1047  when  n 
was  assumed  to  be  0-015.  Time-temperature  curves  were  calculated 
for  a  point  half-way  in  the  mould,  and  plotted  in  the  usual  way, 
U  against  aH,  After  several  trials,  it  vxis  found  iJuU  with  a  mould 
temperature  of  50°  C.  the  best  values  of  initial  temperature  and  thermal 
diffusivity  which  fitted  the  practical  curve  v)ere  1650°  C.  and  0-06, 
respectively.  These  curves  are  shown  in  Fig.  23,  plotted  with  two 
different  time  scales.  The  curves  agree  very  well  up  to  some  time 
after  the  maximum  temperature  is  reached,  when  they  begin  to 
diverge.  This  indicates  that  the  value  of  0-015  for  h  may  be  too 
high. 

The  second  experiment  was  made  on  a  large  ingot  having  about 
five  times  the  area  of  the  smaller  one.  It  was  an  octagonal  ingot, 
80  in./77  in.,  and  the  mould  ratio  was  1-07.    This  was  treated  in 
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Fig.  23. — ^Time-Temperature  Curves  for  a  Mould  for  an  Octagonal  Ingot 

36  in.  across  the  Flats. 


250 


500  750 

Time.  Min. 


fOOO 


1250 


Fig.  24. — ^Time-Temperature  Curves  for  a  Mould  for  an  Octagonal  Ingot 

78}  in.  across  the  Flats. 
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exactly  the  uame  way  as  the  first  ingot  and,  with  k  =  0-016,  gfl,ve 
H  =^  2-183.  The  calculated  curve — taking  the  initial  temperature 
as  1650°  C,  the  mould  temperature  as  G0°  C.  and  the  dimisivity 
as  006 — and  the  practical  curves  are  given  in  Fig.  24.  Temperature 
readings  wei«  discontinued  after  about  17  hr. 

FigB.  23  and  24  raised  the  hope  that  it  might  be  pofiBible,  with  a 
suitable  choice  of  values  of  h,  mazimom  temperatore  and  difiusivity, 
to  estimate  approximately  the  temperature  distribution  in  a  mould, 
and  to  test  tms  the  experimental  data  given  by  Hatuschka  were 
examined. 

Compared  with  the  moulds  already  considered,  Matuschka's 
circular  mould  was  veiy  small,  being  rally  260  mm.  (9-84  in.)  in 
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dia.  and  the  mould  thickness  80  mm.  (3-15  in.).  The  mould  ratio 
was  therefore  1-69.  Temperatures  were  taken  at  points  6  mm., 
30  mm.,  45  mm.  and  75  mm.  from  the  inner  face  of  the  mould. 
Matuechka's  curves  are  redrawn  in  V\g.  26,  which  also  shows  the 
calculated  curves — dotted  lines — with  A  —  0015,  maximum  tem- 
perature 1650°  C,  mould  temperature  40°  C.  and  diffusivity  0-05 
c.g.s.  unit.  The  curves  for  points  II.,  III.  and  IV.  are  not  too  bad, 
but  for  point  I.,  which  is  only  0-2  in.  from  the  inner  surface,  the 
curves  have  not  even  a  similarity  of  form.  The  effect  of  the  air 
gap  between  the  ingot  and  mould  can  be  traced  from  these  curves, 
tip  to  the  time  when  any  part  of  the  mould  reaches  its  maximum 
temperature,  the  difference  between  the  calculated  and  actual 
temperatures  is  very  appreciable  at  points  near  the  inner  wall. 
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but  the  dififerenoe  decreases  as  the  distance  from  the  inner  faoe 
increases. 

The  experimental  results  obtained  on  a  slab  mould  by  the  Ingot 
Moulds  Sub-Committee  in  co-operation  with  the  Appleby-Froding- 
ham  Steel  Co.,  Ltd.,  ^^^  were  also  examined.  Fig.  26  gives  the 
dimensions  at  mid-height  of  the  slab  mould  used  and  the  dimensions 
of  the  equivalent  rectangular  mould.    The  points  marked  A  to  F 
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Fig.  26. — Dimensions  of  a  Slab  Mould  Reported  on  by  the  Ingot  Moulds 

Sub-Committee. 


are  the  positions  of  the  thermocouples  or  the  calculated  points, 
and  the  distance  from  the  inner  mould  face  is  given.  The  points 
at  mid-height  were  chosen,  as  the  end  effects  could  then  be  ignored. 
Figs.  27  and  28  show  the  practical  curves  (first  test)  and  calculated 
curves  for  the  narrow  face  and  the  broad  face,  the  zero  in  both 
cases  being  6  min.  before  teeming  commenced.  The  calculations 
were  based  on  the  assumption  that  h  =  0*015,  initial  temperature  = 
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Fig.  27. — Slab  Mould.     Calculated  and  praoticaUy  determined  curves  for  the 

middle  holes  in  the  narrow  face. 
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FiQ.  28. — Slab  Mould.    Calculated  and  praotioally  determined  curves  for  the 

middle  holes  in  the  broad  face. 
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1600*  C,  mould  temperature  =  25°  C.  and  thermal  diflFusivity  = 
0*05  c.g.s.  imit.  Again  it  is  seen  that  the  greatest  discrepancy 
between  theory  and  practice  is  found  in  the  early  stages  of  curves 
C  and  F,  which  are  nearest  to  the  inner  walls  of  the  mould  on  the 
narrow  face  and  broad  face,  respectively.    Taken  generally,  the 
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Fig.  29. — Slab  Mould,  middle  holes  in  the  narrow  face ;   effect  of  variation  of  h. 
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Fio.  30. — Slab  Mould,  middle  holes  in  thp  broad  face ;   effect  of  vckriation  of  h, 

curves  for  the  narrow  face  fit  better  than  those  for  the  broad  face, 
particularly  for  holes  A  and  B  as  compared  with  D  and  E,  To 
show  the  eflfect  of  a  variation  in  the  value  of  h,  all  the  ciu^es  for 
points  A  to  F  were  rc-calculated  with  h  =  0010,  and  are  given  in 
f^gs.  29  and  30. 
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The  sudden  drop  in  the  rate  of  heating  at  the  points  C  and  F 
is  noteworthy.  If  actual  temperature  measurements  had  given 
curves  of  this  type,  the  sudden  drop  in  the  rate  of  heating  would 
have  been  attributed  to  the  moving  away  of  the  ingot  from  the 
mould  wall,  whereas  the  theoretical  curves  assume  continuous 
contact  of  ingot  and  mould.  In  this  connection  it  is  worth  while 
to  turn  back  to  Fig.  9.  If  the  cinrve  for  rfB  =  7/9 — ^which  is  the 
surface  of  contact  between  the  ingot  and  the  mould — ^be  continued 
backwards  so  that  U  —  0*5  at  zero  time,  then  it  is  evident  that  for  a 
point  in  the  mould  near  to  its  inner  face  the  temperature  will  first 
rise  to  a  maximum  and  then  fall  rather  suddenly  before  rising  to  its 
second  maximum.  Unfortunately,  it  is  not  an  easy  matter  to  give 
a  calculated  example,  as  not  more  than  eight  roots — or  values  of 
(An — can  be  obtained  accurately  enough  from  the  British  Association's 
table  of  Bessel  functions,  and  eight  terms  are  not  sufficient  to  prove 
this  point.  It  is,  however,  suggested  that  to  determine  the  time  of 
separation  of  an  ingot  from  the  mould  by  noting  the  time  of  slowing 
up  of  the  rise  in  temperature — or  even  a  fall  of  temperature — at  a 
point  in  the  mould  near  to  the  inner  surface  is  not  a  satisfactory 
procedure. 
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CORRESPONDENCE. 

Mr.  A.  L.  Feild  (Rustless  Iron  and  Steel  Corp.,  Baltimore,  Md., 
U.S.A.)  wrote  that  his  own  study  of  the  author's  paper  had  con- 
vinced him  that  assumptions  (1),  (3)  and  (6)  differed  too  widely 
from  those  conditions  which  actually  prevailed  to  permit  of  a  valid 
application  of  theory  to  practice. 

Assumptions  (1),  (3)  and  (6)  considered  together  were  equivalent 
to  the  broad  assumption  that  neither  molten  steel  nor  the  solidi- 
fication process  was  involved  in  the  problem  under  consideration. 
Instead,  the  author  assumed,  in  effect,  that  the  mould  was  initially 
filled  with  a  homogeneous  solid  body  having  the  properties  of  steel 
in  the  solid  state.  If  the  molten  steel  had  no  latent  heat  of  solidi- 
fication (assumption  (1)),  if  it  was  not  subject  to  convection  currents 
and  was  thus  unable  to  maintain  a  relatively  uniform  temperature 
throughout  (assumption  (3)),  and  if  it  had  the  same  density,  thermal 
conductivity  and  specific  heat  as  solid  steel  (assumption  (6)),  what 
properties  were  left  to  it  which  distinguished  it  from  solid  steel? 
The  answer  was  none,  so  far  as  the  author's  treatment  was  concerned. 

The  following  values  represented  the  latent  heats  of  pure  iron 
as  commonly  accepted  :  ^ 

Fusion  .          .          .          .          .  66     g.  cal.  per  g. 

A4  point  .....  1*7 

A,  point  .....  3*86 

A,  point  .....  None. 

In  view  of  the  relatively  minor  heat  effects  at  the  critical  points  as 
compared  with  the  latent  heat  of  fusion,  it  was  difi&cult  to  maintain 
the  position  that  all  latent  heat  effects  could  be  ignored,  because  it 
was  either  impracticable  or  impossible  mathematically  to  take  all 
of  these  effects  into  consideration. 

The  heat  content  of  pure  iron  in  the  solid  state  at  the  melting 
temperature  (1536°  C.)  was  about  280  cal.  per  g.  2  At  1176°  C. 
its  heat  content  was  216  cal.  per  g.  Hence,  the  heat  set  free  by  the 
solidification  of  one  gramme  of  pure  iron  (66  cal.)  was  equal  to  that 
lost  by  one  gramme  of  solid  iron  in  cooling  from  1636°  to  1176°  C. 
— a  temperature  interval  of  360°  C. 

The  author's  belief  that  his  formulse  were  based  on  theoretical 
consideration  at  least  approximating  to  practical  conditions  would 
appear  to  require  more  careful  analysis.  The  writer  believed  with 
Lightfoot  that  the  latent  heat  of  solidification  was  important  in  its 
effect  on  the  rate  of  solidification.  Further,  the  rate  of  solidification 
determined  in  a  fundamental  manner  the  rate  at  which  heat  was 
absorbed  by  the  mould.  Obviously,  there  could  be  no  exchange 
of  heat  between  liquid  steel  and  the  innermost  layer  of  the  con- 

*  O.  C.  Ralston,   United  Slates  Bureau  0/  Mines,  1929,  Bulletin  No.  296. 
H.  Klinkhardt,  Annalen  der  Physik,  1927,  Series  4,  vol.  84,  pp.  167-200. 

•  J.  B.  Austin,  Journal  of  Industrial  and  Engineering  Chemistry,  1932,  vol. 
24,  pp.  1225-1235. 
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fining  solid  shell  except  by  means  of  the  heat  effect  which  was 
represented  by  the  latent  heat  of  fusion.  At  the  interface  solid 
and  Uquid  were  both  at  the  melting  temperature.  If  one  accepted 
the  author's  assumptions,  it  was  true  that  superheat  might  be 
considered  as  an  increase  in  initial  temperature;  latent  heat  of 
fusion,  however,  fell  in  an  entirely  different  category. 

The  writer  regretted  that  he  had  not  famiUarised  himself  in  detail 
with  the  published  work  of  Lightfoot.  Nevertheless,  he  would 
remind  the  author  that  Lightfoot's  general  procedure  of  assuming 
boundary  conditions  which  were  hypothetical  did  not  necessarily 
lead  to  conclusions  which,  over  the  entire  time  interval  of  the  solidi- 
fication and  cooling  process,  were  to  be  dismissed  as  lacking  in 
approximate  accuracy.  The  author,  as  well  as  Lightfoot,  were 
dealing  with  hypothetical  assumptions,  and  the  main  issue  was 
which  set  of  assumptions  within  their  common  field  of  application 
yielded  conclusions  most  closely  in  accord  with  the  phenomena  under 
consideration. 

The  author's  Fig.  2,  which  related  to  the  temperature  fall  at  the 
centre  of  the  ingot,  was  particularly  puzzling,  because  as  long  as 
any  Uquid  steel  remained  in  the  ingot  the  temperature  at  the  centre 
did  not  fall  below  the  melting  temperature. 

Possibly  the  author  might  find  in  a  recent  paper  by  Chipman  and 
FonDersmith  ^  experimental  data  on  the  rate  of  soUdification  of 
steel  ingots  which  would  be  useful  in  comparing  theory  with  practice. 
Those  investigators  determined  the  rate  of  soUdification  of  ingots 
by  spiUing  the  liquid  contents  and  measuring  the  thickness  of  the 
soUdified  waU.  The  ingot's  measured  18  by  39  in.  in  cross-section. 
The  thickness  soUdified  at  various  times  was  : 

Time.     Min.     .1  2  3  6  10         15         20         25        30 

Thickness.     In.  0-78      115      1-44      1-89     2-73      3-36      3-90      4-38     4-81 

Chipman  and  FonDersmith  stated  that  a  straight-line  relation- 
ship between  the  thickness  of  soUdified  metal  and  the  square  root 
of  the  time  was  vaUd  up  to  30  min.  Such  a  relationship  had  been 
previously  determined  by  the  writer  from  purely  theoretical  con- 
siderations in  the  paper  which  was  Usted  in  the  bibUography  at  the 
end  of  the  author's  paper.  These  theoretical  considerations  in- 
cluded a  hypothetical  boundary  condition  and  employed  as  their 
leading  motif  the  latent  heat  of  fusion. 


AUTHOR'S  REPLY, 

Mr.  Russell,  in  reply,  wrote  that  he  felt  gratified  that  his  paper 
had  attracted  the  attention  of  Mr.  Feild,  whose  own  work,  published 
in  1927,  had  done  so  much  to  stimulate  interest  in  the  rates  of  solidifi- 
cation of  steel  in  ingot  moulds. 

*  Tranaactiona  of  (M  American  Institute  of  Mining  and  Metallurgical 
Engineers,  1937,  vol.  126,  pp.  370-377. 
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It  was  difficult  to  see  why  Mr.  Feild  had  found  Fig.  2  partioularly 
puzzling,  as  he,  himself,  stated  that  the  calculations  were  based  on 
the  assumption,  ''  in  efEect,  that  the  mould  was  filled  with  a  homo- 
geneous solid  body  having  the  properties  of  steel  in  the  solid  state.'' 
This  was  correctly  stated,  but  there  should  also  be  added  ''  if  one 
imagined  that  the  initial  temperature  of  the  solid  body  teas  366^  G. 
above  the  temperature  of  the  aolldua  of  steel.**  This  high  initial  tempera- 
ture was  to  allow  for  the  effect  of  latent  heat  and  any  superneat, 
and  was  in  reasonable  agreement  with  the  range  of  temperature, 
360°  C,  given  by  Mr.  Feild.  The  suggestion  was  then  made  that  the 
times  required  for  the  centres  of  these  hypothetical  solid  bodies  to 
fall  the  first  366°  C,  1806°  C.  to  1460°  C,  or  from  [7  =  1-0  to  F  = 
0*8,  represented  the  relative  times  for  the  centres  of  steel  ingots  to 
solidify.  The  curves  in  Fig.  3  were  drawn  from  data  obtain^  from 
Fig.  2. 

He  was  in  almost  full  agreement  with  the  remainder  of  Mr. 
Feild's  comments.  In  the  paper  he  had  tried  to  deal  fairly  and 
fully  with  the  limitations  of  the  application  of  mathematics  to  the 
problem.  There  was  no  known  method  of  even  attempting  to 
develop  a  formula  which  would  allow  for  the  effects  of  convedion 
currents  or  for  the  changes  of  thermal  constants  with  temperature. 

With  regard  to  the  latent  heat,  he  would  say  that  no  formula 
that  was  capable  of  arithmetic  interpretation  had  yet  been  obtained 
which  allowed  for  the  latent-heat  effects  in  either  a  rectangular  or  a 
circular  ingot,  evgn  for  the  theoretical  case  of  the  latent  heat  being 
evolved  at  a  constant  temperature.  The  problem  was  much  more 
difficult  when  applied  to  the  cooling  of  a  commercial  steel  containing, 
say,  0*46%  of  carbon.  In  such  a  steel  the  process  of  solidification 
was  spread  over  a  range  of  temperature  of  some  60-70°  C.  and 
was  further  complicated  by  a  peritectic  reaction  which  took  place 
in  this  range.  During  the  transformation  there  was  an  evolution 
of  about  2-8  cal.  per  g.  spread  unevenly  over  the  ferrite-precipitation 
range  and  a  further  evolution  of  about  10  cal.  at  the  eutectoid 
temperature.  He  (Mr.  Russell)  reaffirmed  his  statement  that  the 
possibility  of  developing  rigid  formulae  for  the  cooling  of  steel 
ingots  was  very  remote  at  the  present  time.  However,  he  had 
thought  it  worth  while  to  examine  quantitatively  those  formulae 
which  had  been  published,  and  apparently  the  Committee  on  the 
Heterogeneity  of  Steel  Ingots,  who  passed  the  paper  for  publication, 
thought  so  too.  Of  the  value  of  the  mathematical  metnod  he  had 
asked  readers  to  judge  for  themselves,  and  there  was  no  doubt  that 
Mr.  Feild's  opinion  that  **  his  own  study  of  the  author's  paper  had 
convinced  him  that  assumptions  (1),  (3)  and  (6)  differed  too  widely 
from  those  conditions  which  actually  prevailed  to  permit  of  a  valid 
application  of  theory  to  practice  "  would  carry  much  weight  with 
people  who  did  not  study  the  paper  themselves.  He  (Mr.  Russell) 
preferred  to  withhold  his  final  judgment  until  more  experimental 
results  had  been  examined. 
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THE    POLISHING    OF    CAST-IRON    MICRO- 
SPECIMENS    AND    THE    METALLOGRAPHY 

OF  GRAPHITE  FLAKES.* 

By  H.  MORROGH  (British  Cast  Ibon  Research  Association, 

BiRMINOHAM). 

(Fin.  1  to  86  -  PUtot  xxvin.  to  xxxvn.) 

Summary. 

A  polishing  technique  has  been  developed  for  grey  oast  irons, 
wherebv  the  graphite  nakes  can  be  obtained  perfectly  preserved  and 
smoothly  polish^.  The  polishing  medium  used  is  either  Diamantine 
or  magnesium  oxide.  The  method  owes  its  success  to  the  correct 
application  of  a  repeated  polishing  and  etching  operation. 

With  specimens  prepared  in  this  manner,  it  is  possible  to  examine 
the  internal  structure  of  the  graphite  flakes  and  temper  carbon 
nodules.  Secondary  graphite  is  shown  to  be  deposited  either  on 
the  existing  euteotic  graphite  flakes  or  in  a  Widmanst&tten  pattern. 
Qraphite  flakes  show  complicated  internal  structures,  which  are 
illustrated  micrographically  using  polarised  light.  **  Inclusions  ** 
are  %lso  shown  intimately  associated  with  graphite  flakes. 

Pabt  I. — ^Thb  Polishing  of  Cast-Iron  Micro-Spbcimkns. 

Introduction, — ^That  cast-iron  micro-specimens  are  difficult  to 
polish  and  that  there  is  a  very  urgent  need  for  standard  methods 
of  preparation  of  metallographic  specimens,  is  indicated  by  the 
many  and  varied  results  obtained  by  diflFerent  investigators.  Most 
text- books  of  metallography  give  a  description  of  a  process  whereby 
metal  micro-specimens  can  be  obtained  flat,  polished  free  of  scratches 
and  suitable  for  observation  under  the  microscope.  In  general, 
metallographists  have  acquired  this  technique  and  can  novtr  pro- 
duce, fairly  easilv,  metal  specimens  so  polished.  Unfortunately, 
from  the  point  of  view  of  the  preparation  of  micro-specimens,  cast 
irons  have  a  combination  of  constituents  which  among  the  com- 
mon metals  is  unique  in  so  far  as  a  soft  and  very  friable  substance, 
namely,  graphite,  occurs  surroimded  by  a  relatively  hard,  but 
metallic,  matrix  which  nevertheless  has  a  measure  of  plasticity. 
A  perfectly  prepared  micro-specimen  of  grey  cast  iron  f  would  have 
a  metallic  matrix  polished  free  &om  scratches,  and  in  this  matrix 
would  be  graphite  flakes  also  polished  smooth  and  &ee  &om  scratches, 
their  surfaces  being  level  with  the  polished  metal  surface.    When  a 

*  Received  November  8,  1940. 

t  This  paper  is  concerned  exclusively  with  the  preparation  of  specimens 
of  grey  cast  iron.  White  irons  not  only  avoid  the  special  difficulties  due  to 
graphite,  but  are  generally  quite  easy  to  prepare. 
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**  general  '*  metallographic  technique  (i.e.,  one  recommended  for 
any  ferrous  metal)  is  applied  to  grey  cast  iron,  even  though  the 
metallic  matrix  may  he  polished  correctly,  the  graphite  flakes  are 
seldom,  if  ever,  polished  at  all.  The  peculiar  friability  of  graphite 
flakes  results  in  the  substance  being  torn  out  wholly  or  in  part 
from  the  cavities  which  are  either  opened  up  or  burnished  over, 
according  to  the  particular  type  of  polishing  procedure.  This  has 
been  discussed  in  detail  by  Norbury  and  Bolton.  *^*^ 

As  a  result  of  the  tendency  for  graphite  to  be  torn  out,  metallo- 
graphists  have  almost  become  resigned  to  the  fact  that  in  a  cast- 
iron  specimen,  one  must  see  not  the  actual  graphite  flakes,  but 
cavities  where  the  graphite  flakes  existed  prior  to  the  polishing 
operation.  It  is  the  purpose  of  this  paper  to  point  out  that  per- 
fectly polished  micro-specimens  of  grey  or  malleable  cast  iron  can 
be  obtained  with  the  graphite  intact,  to  give  a  description  of  the 
process  used,  and  to  indicate  what  parts  of  a  general  technique 
should  be  avoided  if  perfectly  prepared  specimens  are  to  be  obtained. 

Use  of  Loose  Abrasives, — ^Most  metallographic  specimens  are,  in 
the  initial  stages,  either  ground  or  filed  flat  and  then  treated  in 
some  way,  so  that  the  relatively  coarse  scratches  produced  by  the 
grinding  wheel  or  file  are  removed  and  replaced  by  finer  scratches, 
which  can  in  turn  be  easily  removed  by  the  polishing  powder. 
The  methods  by  which  the  specimen  is  smoothed  prior  to  polishing 
may  be  roughly  divided  into  two  classes.  The  first  class  includes 
those  methods  which  use  a  series  of  loose  abrasives,  and  the  second 
Includes  those  methods  which  use  successively  finer  grades  of 
emery  paper.  For  our  purpose  the  second  method  is  to  be  pre- 
ferred, the  objection  to  the  first  method  being  that  while  satis- 
factory metal  surfaces  can  be  obtained,  the  graphite  flakes  are 
nearly  always  more  badly  damaged  than  in  specimens  prepared  by 
an  emery  paper  method.  This  fact  has  been  pointed  out  previously 
by  VileUa.^^*  Fig.  1  shows  a  micrograph  of  an  ingot  mould  speci- 
men after  the  removal  of  grinding  marks  by  carborundum  and 
coarse  alumina ;  Fig.  2  shows  a  micrograph  of  the  same  specimen 
after  regrinding  and  rubbing  successively  through  finer  grades  of 
emery  paper.  It  is  seen  that  in  the  latter  case  the  graphite  flakes 
are  in  a  much  better  state  of  preservation  than  in  the  former, 
which  shows  cavities  and  not  graphite.  We  can  therefore  say  that 
any  methods  using  loose  abrasive  in  the  preliminary  stages  are  to 
be  avoided  if  perfectly  polished  cast  irons  are  to  be  obtained. 

Use  of  Emery  Papers, — With  regard  to  the  use  of  emery  papers, 
the  following  procedure  has  been  found  to  give  good  results :  Starting 
from  a  freshly  ground  surface,  rub  the  specimen  through  a  series  of 
three  emery  papers,  grades  \G,  \F  and  00  (or  their  equivalents). 
The  rubbing  should  be  slow  and  the  specimen  should  be  pressed  very 
firmly  to  the  paper  «o  that  the  operator  can  feel  the  surface  being  cut. 
The  presence  of  small  particles  of  grit  between  the  paper  and  the 
specimen  tends  to  tear  out  the  graphite,  and  these  can  be  removed 
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by  blowing  or  shaking  the  paper.  It  is  not  necessary  to  introduce 
more  papers  into  the  series  mentioned  above,  since  they  introduce 
more  complications  and  increa.se  the  time  of  preparation  per  speci- 
men. Papers  finer  than  00,  such  as  000  and  0000,  are  frequently 
uneven  and  gritty,  and  a  fine  paper  can  be  prepared  from  a  piece 
of  used  00  paper.  Methylated  spirits  is  dropped  &om  a  spotting 
bottle  on  to  the  paper.  This  is  then  rubbed  with  cotton  wool 
until  the  required  type  of  paper  is  obtained.  A  final  paper  pro- 
duced in  this  way  is  uniform,  &ee  &om  grit  and  it  will  give  a  finer 
finish  to  the  specimen  than  000  or  0000  papers.  Immediately  after 
treatment  on  the  final  emery  paper,  the  specimen  should  be  etched 
in  either  a  5%  solution  of  nitric  acid  in  alcohol,  or  a  saturated 
solution  of  picric  acid  in  alcohol.  A  specimen  rubbed  down  and 
etched  in  this  manner  is  recMiy  for  polishing. 

Final  Polishing, — ^About  the  final  polishing  there  is  a  very 
general  agreement  as  to  how  it  should  be  performed.  Most  polish- 
ing machines  have  a  revolving  wheel  to  which  is  attached  a  piece 
of  soft  cloth  impregnated  with  polishing  powder. 

Polishing  cloths  with  a  high  pile  tend  to  dislodge  the  graphite 
in  a  similar  manner  to  loose  abrasives  and  free  particles  of  grit  on 
the  emery  papers.  To  preserve  the  graphite,  it  is  best  to  polish 
with  a  cloth  having  very  little  pile.  Vilella  has  suggested  the  use 
of  the  dull  side  of  a  heavy  pure  silk  satin,  but  this  type  of  material 
does  not  retain  the  polishing  powder  during  the  rotation  of  the 
pad.  If,  however,  Selvyt  cloth  is  used,  the  pile  becomes  fiattened 
and  the  cloth  apparently  smooth  in  a  short  time  after  the  beginning 
of  polishing.  A  suitable  speed  for  the  polishing  wheel  is  about 
600  r.p.m.  Higher  speeds  give  faster  polishing,  but  the  polishing 
powder  is  thrown  off  the  wheel  more  easily. 

The  possible  poUshing  powders,  namely,  chromium  oxide,  rouge, 
zinc  oxide,  manganese  dioxide,  tin  oxide,  magnesium  oxide  and 
Diamantine  (a  specially  prepared  form  of  alumina),  vary  con- 
siderably in  their  ability  to  poUsh  cast  irons  without  tearing  out 
the  graphite.  Diamantine  and  magnesium  oxide  tend  to  leave  the 
graphite  undisturbed,  polishing  it  at  the  same  time.  The  other 
polishing  powders,  chromium  oxide  in  particular,  produce  similar 
effects  to  loose  abrasive.  Fig.  3  shows  the  same  spot  as  Fig.  2 
after  polishing  on  chromium  oxide.  It  is  seen  that  the  suiface 
of  the  graphite  has  been  badly  damaged  and  the  width  of  the 
graphite  lamellse  increased.  Of  the  two  polishing  powders,  Diaman- 
tine and  magnesium  oxide,  the  former  is  to  be  preferred,  since  it 
polishes  very  much  more  quickly,  although  where  the  price  of 
Diamantine  prohibits  its  use,  magnesium  oxide  can  be  used  satis- 
factorily. The  latter  requires  more  polishings  and  etchings  than 
the  former  and  hence  takes  more  time. 

AUemcUe  Polishing  and  Etching. — Even  with  the  use  of  Diaman- 
tine or  magnesium  oxide,  it  is  only  rarely  that  perfectly  polished 
specimens  are  obtained  after  one  polishing  operation.    To  over- 
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come  this  difficulty,  Hanemann  and  Schrader^^  {loc.  city  Part  1, 
p.  16)  have  recommended  the  use  of  alternate  etching  and  polish- 
ing. This  method  has  been  widely  used  for  a  long  time  by  metallo- 
graphists  to  remove  a  distorted  surface  layer  from  micro-specimens 
of  various  metals.  In  the  case  of  cast  iron,  the  use  of  this  method 
depends  on  the  removal  of  layers  of  the  metallic  matrix  until  the 
polished  surface  is  level  with  the  undamaged  r^ons  of  the  ffraphite 
flakes.  The  method  works  excellently  with  grey  or  malleable  cast 
irons  (Fig.  4)  and  the  technique  of  the  process  has  been  worked 
out  by  the  author  and  satisfactorily  employed  on  a  large  number 
of  varied  types  of  irons,  typical  examples  of  which  are  shown  in 
Figs.  5,  6  and  7,  in  all  of  which  Diamantine  has  been  used.  Par- 
ticulars of  this  process  are  given  in  the  following  : 

The  polishing  powder,  260-mesh  Diamantine,  is  mixed  with 
water  in  the  proportions  50  g.  of  Diamantine  to  100  c.c.  of  water, 
so  that  a  fairly  thick  paste  is  formed.  Frequently  in  the  literature 
it  is  recommended  that  the  polishing  powder  should  be  mixed  with 
much  water .^^  The  thick  paste  is  preferred,  however,  because  the 
pad  is  likely  to  be  used  several  times  for  each  lot  of  Diamantine 
appUed  to  it,  and  when  in  paste  form  it  tends  to  be  retained  by 
the  wheel  more  than  when  used  in  the  watery  condition.  Diaman- 
tine  paste  in  an  amount  equal  to  about  15  c.c.  for  a  6-in.-dia.  wheel, 
is  put  on  the  pad  and  rubbed  well  into  the  pile  with  the  fingers. 
By  this  means  the  operator  is  able  to  detect  any  particles  of  grit. 
A  pad  prepared  in  this  way  will  polish  out  the  scratches  from  the 
emery  paper  in  times  varying  from  about  20  sec.  to  2  min.,  depending 
on  the  type  and  size  of  the  specimen. 

The  best  procedure  is  to  keep  the  orientation  of  the  specimen 
with  respect  to  the  operator  constant,  rotating  it  in  the  opposite 
direction  to  the  pad.  A  fair  amount  of  pressure  should  be  exerted 
so  that  the  wheel  can  be. felt  pulling  the  specimen.  Fine  and 
medium-sized  graphite  will  generally  be  polished  better  than  coarse 
graphite.  It  is  n^equently  only  necessary  to  polish  a  specimen 
containing  medium  graphite  once  for  a  successful  exmination  of  its 
structure.  After  the  first  polishing  operation,  the  pile  of  the  pad 
should  not  be  disturbed ;  one  made  up  in  the  above  way  will  last 
for  twelve  additional  polishing  operations,  any  further  polishing 
making  the  pad  more  nearly  ideal  for  the  preservation  of  the 
graphite. 

If,  after  the  first  polishing  operation,  the  graphite  is  torn  out, 
opened  up  or  burnished  over,  as  is  usually  the  case,  the  specimen 
should  be  re-etched  and  polished  again ;  the  time  required  to  polish 
ofif  the  etching  depends  on  the  specimen,  but  generally  10  sec.  is 
ample.  It  is  not  even  necessary  to  wait  for  the  removal  of  the 
emery  paper  scratches  before  the  etching  and  polishing  operations 
begin;  in  fact,  the  disappearance  of  the  scratches  is  made  more 
rapid  by  etching  before  the  scratches  have  disappeared.  By  pro- 
tracted etching  and  polishing  the  graphite  flakes  gradually  assume 
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a  light  grey  to  brown  colour,  serrated  edges  tend  to  disappear  and 
any  burnishing  or  opening  is  removed. 

The  choice  of  etching  reagent  is  of  some  importance  in  the 
repeated  polishing  and  etching  operations.  It  is  necessary  to  use 
an  etching  reagent  which  actually  etches  the  metallic  matrix.  For 
pearlitic  grey  irons  or  for  irons  containing  more  than  50%  of 
pearlite  in  the  matrix,  both  nitric  acid  and  picric  acid  produce 
similar  effects  with  regard  to  the  polishing  of  the  graphite.  In 
the  case  of  ferritic  grey  irons  and  ferritic  blackheart  malleable  irons 
or  irons  containing  less  than  50%  of  pearlite  in  the  matrix,  nitric 
acid  is  definitely  preferable  and  produces  the  desired  effects  more 
rapidly  than  picric  acid.  In  some  cases,  when  the  specimens  have 
very  coarse  graphite  in  a  ferritic  matrix,  it  is  almost  impossible  to 
remove  the  burnished  and  flowed  layer  from  the  graphite  using 
picrio  acid;  nitric  acid  will  do  this  quite  readily. 

When  two  samples  of  closely  similar  graphite  size  have  to  be 
compared,  there  is  frequently  some  doubt  cast  on  the  verdict, 
since  one  specimen  may  be  slightly  burnished,  giving  the  appear- 
ance of  a  fine  graphite  size,  or  it  may  be  '*  opened,"  giving  the 
appearance  of  a  coarse  type  of  graphite.  If  specimens  are  pre- 
pared by  alternate  etching  and  poUshing,  any  burnishing  or  open- 
ing of  the  graphite  is  removed  and  accurate  comparisons  of  the 
length  and  width  of  graphite  can  be  made. 

Phosphoric  irons  are  more  difficult  to  polish  by  this  method 
than  hematite  irons,  because  the  phosphide  eutectic  tends  to  stand 
up  in  relief;  this  can  be  avoided  if  the  times  of  actual  poUshing 
are  increased. 

Correctly  prepared  samples  bring  into  photomicrography 
another  element  of  difficulty.  Improperly  prepared  samples  show 
the  graphite  as  a  black  constituent  and  the  matrix  white,  forming 
an  easy  combination  to  photograph  with  a  contrasty  plate ;  on  the 
other  hand,  the  photography  of  samples  prepared  by  the  improved 
technique  requires  a  less  contrasty  plate  and  more  accurate  control 
with  respect  to  exposure  and  development. 

Pabt  n. — Some  Observations  on  the  Internal  Structure  of 
Graphite  in  Cast  Iron  Micro-Specimens  Prepared  by  the 
Improved  Technique. 

When  the  graphite  flakes  in  a  carefully  prepared  sample  of  cast 
iron  are  examined  at  a  low  magnification  (50-200  diameters)  they 
appear  to  be  light  grey  to  brown  in  colour;  any  defect  on  the 
sunace  of  the  graphite  gives  it  a  black  appearance  (see  Figs.  8 
and  9). 

At  high  magnifications  (generally  above  500  diameters)  the 
colour  of  any  particular  graphite  flake  depends  on  its  position 
relative  to  the  glass-slip  reflector  of  the  microscope,  with  the  result 
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that  some  graphite  flakes  appear  light  grey,  some  black  and  some 
of  intermediate  tone.  On  rotating  the  specimen  through  90**, 
keeping  the  glass-slip  reflector  stiU,  those  flakes  formerly  black 
become  light  brown  and  vice  versa  (Figs.  10,  11,  12  and  13). 

When  a  beam  of  light  is  reflected  from  the  surface  of  a  trans- 
parent substance,  it  is  partly  polarised,  the  vibrations  being  parallel 
to  the  reflecting  surface ;  in  this  way  the  beam  of  light  from  the 
illuminating  train  of  a  microscope  after  reflection  from  the  glass 
slip  is  partially  polarised.  Certain  portions  of  the  spectrum  are 
absorbed  when  a  beam  of  light  is  reflected  from  a  colom^  sub- 
stance, and  the  complementary  colours  are  seen.  With  some 
anisotropic  substances,  the  wave  lengths  removed  depend  upon  the 
plane  in  which  the  incident  light  is  vibrating  and  its  relation  to 
the  optic  axis  of  the  crystal;  this  latter  phenomenon  is  referred 
to  as  reflex  pleochroism.  Graphite  exhibits  reflex  pleochroism  ^^^ 
and  this  accounts  for  the  changes  in  colour  of  graphite  flakes  on 
rotating  the  stage  when  the  illuminating  system  is  of  the  glass- 
slip  reflector  type.  That  the  manifestation  of  this  optical  property 
of  graphite  is  due  to  the  glass  slip  alone  is  shown  in  Figs.  14  and  15. 

Fig.  14  shows  two  graphite  flakes  at  right  angles;  the  micro- 
graph is  taken  with  the  usual  type  of  glass-slip  reflector  and  it  is 
seen  that  one  flake  is  dark  and  the  other  is  light;  Fig.  15  shows 
the  same  spot  taken  using  a  metallic  reflector,^^  which  fills  only  a 
portion  of  the  back  lens  of  the  objective  with  light.  In  this  case, 
both  flakes  show  the  same  absorption,  since  this  reflector  does  not 
polarise  the  light.  The  relation  between  the  plane  of  polarisation 
of  the  incident  light  and  the  positions  of  maximum  and  minimum 
brightness  of  graphite  flakes  is  such  that  when  the  plane  of  polarisa- 
tion is  at  right  angles  to  the  graphite  flakes,  they  appear  dark, 
and  when  parallel  to  the  graphite  flakes  they  appear  bright.  If 
the  glass  sUp  is  rotated  through  the  same  angle  as  the  specimen, 
no  change  in  brightness  of  the  graphite  is  observed.  If  a  single 
nicol  prism  is  inserted  in  the  illuminating  beam  so  that  the  plane 
of  polarisation  of  the  light  passing  through  it  is  parallel  to  that  of 
the  light  reflected  from  the  glass  slip,  then  the  effect  of  the  pleo- 
chroism is  more  marked,  since  the  light  incident  on  the  specimen 
is  almost  completely  polarised. 

When  viewed  under  ordinary  illumination,  a  number  of  graphite 
flakes  appear  to  be  uniform  and  similarly  oriented  throughout  their 
lengths  and  breadths;  that  is,  in  one  particular  position  with 
respect  to  the  illuminating  system,  the  whole  of  a  graphite  lamella 
is  of  the  same  colour  (Fig.  18). 

When  such  a  graphite  flake  id  examined  under  polarised  light 
between  crossed  nicols,  on  rotation  of  the  specimen  through  360° 
it  lights  up  four  times ;  this  is  expected  from  the  hexagonal  aniso- 
tropy  of  graphite  (Figs.  16  and  17).  The  actual  position  of  lighting 
up  varies  slightly  according  to  the  orientation  of  the  graphite  flake 
in  relation  U>  the  surface  of  the  specimen.     However,  if  the  cross 
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lines  in  Fig.  16  represent  the  planes  of  polarisation  of  the  analyser 
and  polariser,  then  the  position  of  the  graphite  flake  shown  is  one 
of  the  positions  of  brightness. 

The  only  graphite  flakes  to  show  this  "  ideal "  behaviour  under 
polarised  light  are  generally  the  short,  straight  ones.  Curved 
flakes  show  structural  complications. 

Secondary  graphite,  that  is,  hypereutectoid  and  eutectoid 
graphite,  is  generally  deposited  on  the  existing  graphite  flakes  in 
the  form  of  a  smooth  band  which  is  similarly  oriented  to  the  main 
body  and  is  therefore  difficult  to  show.  A  band  of  such  secondary 
graphite  is  seen  in  Fig.  19. 

Sometimes,  the  secondary  graphite  is  deposited  on  the  graphite 
lamellae  in  an  irregular  manner,  so  that  the  edges  have  a  ''  flufiy  " 
appearance  (Figs.  20  and  21).  At  high  magnifications,  it  appears 
that  this  fluffy  secondary  graphite  is  arranged  in  a  Widmanstktten 
formation  (Fig.  22).  In  fact,  in  rare  cases,  a  well  developed  Wid- 
manst&tten  structure  is  obtained.  This  is  shown  in  Figs.  23  and  24. 
The  reason  for  the  formation  of  the  graphite  Widmanst&tten  struc- 
ture may  seem  obscure  at  first  sight,  but  while  in  certain  respects 
its  formation  is  unique,  the  explanation  may  be  very  simple.  When 
a  solid  solution  stable  at  high  temperatures  precipitates  a  new  phase 
over  a  range  of  temperature  on  casting,  then  the  new  phase  may  be 
deposited  in  one  of  several  ways.  For  instance,  it  may  be  deposited 
at  the  grain  boundaries  of  the  parent  solid  solution,  or  it  may  be 
deposited  in  such  a  way  that  its  lattice  bears  a  definite  crystallo- 
graphic  relation  to  the  lattice  of  the  parent  solid  solution,  that  is, 
it  forms  a  WidmanstS^tten  structure.  Further,  if  the  phase  which 
is  being  precipitated  from  the  solid  solution  already  exists  in  the 
structure,  then  it  may  be  deposited  on  the  already  existing  areas 
of  this  phase.  A  typical  example  of  the  latter  mode  is  the  deposi- 
tion of  the  hypereutectoid  cementite  on  the  already  existing  eutectic 
oementite  in  hypo-eutectic  white  irons.  The  Widraanstatten  mode 
of  deposition  of  the  new  phase  is  an  alternative  to  both  the  grain 
boundary  type  of  deposition  and  the  deposition  on  the  already 
existing  phase.  Of  course,  when  there  is  an  already  existing 
phase,  then  deposition  of  the  phase  from  the  solid  solution  may 
occur  in  three  different  ways — it  may  be  deposited  on  the  already 
existing  phase,  it  may  be  deposited  at  the  grain  boundaries  of  the 
parent  solid  solution,  or  it  may  be  deposited  in  a  WidmanstHtten 
structure  in  that  solid  solution.  The  simultaneous  deposition  of 
hypereutectoid  cementite  in  all  these  three  ways  has,  in  fact,  been 
observed  in  certain  low-carbon,  hypo-eutectic  white  irons.  When 
the  new  phase  is  being  deposited  from  a  solid  solution  with  no 
other  phases  in  the  structure,  then  a  controlled  rate  of  cooling, 
neither  extremely  fast  nor  extremely  slow,  and  a  large  grain  size 
are  the  conditions  favourable  for  the  development  of  a  well-defined 
Widmanst&tten  structure.  Now,  the  graphite  Widmanstatten 
structure  shown  here  consists  of  hypereutectoid  graphite,  which  has 
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been  deposited  from  the  austenite.  It  may  be  said  that  the  normal 
mode  of  deposition  of  this  hypereutectoid  graphite  is  in  the  form 
of  a  smooth  band  on  the  already  existing  eutectic  flake  graphite. 
From  these  points  it  is  seen  that  the  grain  size  of  the  original 
austenite  does  not  vitally  determine  whether  the  graphite  wm  be 
deposited  normally  or  in  the  Widmanst&tten  form,  and  the  condi- 
tions favourable  for  the  development  of  the  graphite  Widman- 
st&tten  pattern  are  a  controlled  rate  of  cooling,  neither  extremely 
slow  nor  extremely  fast,  and  a  eutectic  graphite  structure  con- 
sisting of  a  few  very  coarse  flakes.  The  latter  condition  is  most 
easly  met  in  low-carbon  irons  of  large  section.  The  a^ual  rate 
of  cooling  required  to  produce  the  graphite  Widmanst&tten  pattern 
must  be  very  critical,  as  this  structure  is  seen  in  a  fully  developed 
form  only  very  rarely. 

Hanemann  and  Schrader^^  (loc.  dt.,  Part  2,  Table  3)  have  shown 
that  secondary  graphite  sometimes  forms  small  needle-like  crystals 
of  different  orientation  from  the  graphite  flake.  An  example  of 
this  is  shown  in  Fig.  25.  The  arrow  points  to  a  small  crystal  of 
secondary  graphite  and  it  is  seen  to  have  a  different  orientation 
from  the  flake,  since  it  is  light  while  the  flake  is  dark.  Fis.  26 
shows  the  same  spot  taken  between  crossed  nicols;  the  flake  is 
black  and  the  secondary  graphite  has  lit  up. 

At  high  magnifications,  a  series  of  needles  differently  coloured 
and  hence  differently  oriented  from  the  rest  of  the  graphite  is 
apparent.  Typical  examples  of  these  needle-like  formations  are 
shown  in  Figs.  27,  28,  29  and  30.  This  effect  is  most  marked 
near  to  and  at  bends  in  graphite  flakes.  If  the  flake  is  in  its  dark 
position,  then  the  needles  appear  bright,  and  if  the  flake  is  in  its 
bright  position,  the  needles  appear  dark.  Vilella^^^  observed  a 
microstructure  in  graphite  flakes  of  carefully  prepared  samples, 
and  Hanemann  and  Schrader  recognised  the  needle-like  formation, 
attributing  it  to  mechanical  stressing  of  the  graphite  flakes  during 
solidification  ^*^  (toe.  cit.,  Part  2,  p.  22).  In  the  simplest  cases  the 
needles  are  arranged  end  to  end,  but  at  an  angle  to  one  another. 

By  heat-tinting  methods,  it  has  been  found  possible  to  indicate 
the  presence  of  both  the  secondary  graphite  and  the  needle  forma- 
tions in  the  graphite  flake,  and  it  is  interesting  to  observe  that 
this  formation  is  confined  almost  entirely  to  the  **  primary " 
graphite  flake  and  is  usuaUy  not  present  in  the  secondary  graphite 
(Fig.  31). 

Frequently,  and  more  particularly  in  very  large  graphite  flakes, 
the  needle-like  structure  takes  on  more  complicated  forms.  In 
this  respect  the  micrographs  in  Fig.  32(a,  6,  c)  are  interesting. 
They  illustrate  a  flake  of  kish  graphite  in  a  piece  of  dead-annealed 
pig  iron.  Fig.  32(a)  shows  the  main  body  of  the  graphite  in  its 
bright  pleochroic  position;  in  this  case  the  needles  are  dark. 
Fig.  32(6)  depicts  the  same  spot  with  the  flake  in  the  intermediate 
pleochroic  position;   the  needles  are  now  bright.     Fig.  32(c)  illus- 
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trates  the  same  area  with  the  main  body  of  the  graphite  flake  in 
its  position  of  maximum  pleoehroic  absorption.  It  is  seen  in 
Fig.  32(a)  that  the  flake  is  made  up  of  five  bands  and  that  the 
large  system  of  needles  is  confined  to  the  centre  band,  which  is 
presumably  the  primary  graphite  crystal.  The  two  bands  on 
either  side  of  the  centre  appear  to  have  been  deposited  in  the 
manner  of  secondary  graphite ;  the  extreme  outer  bands  are  prob- 
ably eutectoid  graphite  produced  by  the  annealing  treatment,  and 
the  intermediate  bands  are  probably  hypereutectoid  or  even  eutectio 
graphite.  The  intermediate  band  in  the  lower  part  of  the  flake 
in  Pig.  32(c)  is  seen  to  contain  a  series  of  needles.  If  Hanemann 
and  0chrader*8  assumption  is  correct,  then  it  seems  that  some 
mechanical  stressing  occurred  after  the  deposition  of  this  band.  It 
is  interesting  to  note  that  a  rotation  of  90°  introduces  a  complete 
reversal  of  pleoehroic  contrasts  between  the  main  body  of  the 
flake  and  the  needle  formations. 

In  some  graphite  flakes,  the  simple  end-to-end  needle  formation 
is  not  apparent  (Fig.  33(a,  6,  c)),  the  whole  of  the  graphite  flake 
being  a  conglomerate  of  small  needle-like  crystals  of  graphite  with 
various  orientetions,  this  being  particularly  obvious  when  the 
specimen  is  viewed  under  polarised  light  with  the  nicols  at  45° 
(Fig.33(i,e,/)). 

Non-MetaUic  Inclusions. — ^The  effect  of  non-metellic  inclusions 
on  the  structure  of  grey  cast  iron  is  a  much-debated  topic.  While 
there  is  little  direct  microscopical  evidence  of  inoculation  or  nuclea- 
tion  of  melte  by  inclusions,  it  is  significant  to  note  that  they  do 
occur  attached  to  and  perhaps  inside  graphite  flakes.  Both 
titanium  cyano-nitride  and  manganese  sulphide  crystals  are 
frequently  observed  attached  or  adjacent  to  the  ends  of  graphite 
flakes.  A  typical  example  of  a  manganese  sulphide  crystal  attached 
to  the  end  ol  a  graphite  flake  is  illustrated  in  Fig.  34. 

Dove-grey,  apparently  allotriomorphic  inclusions,  which  appear 
to  be  manganese  sulphide,  have  been  found  very  intimately  asso- 
ciated with  graphite  in  the  top  of  a  large  ingot  mould.  This  is 
illustrated  in  Figs.  35  and  36.  Fig.  36  shows  the  sulphide  to  be 
actually  inside  the  graphite  flake ;  this  may,  of  course,  be  only  an 
accident  caused  by  the  position  of  the  suHiEtce  of  the  specimen  in 
relation  to  the  flake  which  makes  the  inclusion  have  the  appear- 
ance of  being  inside  the  graphite.  It  is  also  possible  that  the 
occurrence  of  the  sulphide  so  intimately  associated  with  graphite 
has  something  to  do  with  the  flotation  of  the  sulphide  to  the  top 
of  the  ingot  mould  during  solidification,  where  it  became  enmeshed 
with  the  growing  eutectic  flake  graphite. 

Temper  Cawon. — Using  the  repeated  etehing  and  polishing 
process,  it  has  been  possible  to  observe  the  internal  structure  of 
temper-carbon  nodules  in  malleable  cast  iron.  The  structure  of 
the  temper-carbon  nodules  has  been  dealt  with  in  the  author's 
paper  on  "  The  Metallography  of  Inclusions  in  Cast  Irons  and  Pig 
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Irons  "  ^®^  from  the  point  of  view  of  the  effect  of  iron  and  man- 
ganese sulphide  on  the  type  of  temper  carbon  formed.  In  malle- 
able irons  containing  iron  sulphide— for  instance,  whiteheart 
malleable  irons — ^the  temper  carbon  is  in  a  spherulitio  form;  a 
typical  example  of  this  is  shown  in  Fig.  22  of  the  above  paper. 
The  basal  planes  of  the  graphite  crystals  composing  the  temper 
carbon  nodule  are  at  right  angles  to  the  radii  of  the  spheroid  of 
which  the  nodule  can  be  considered  to  be  composed.  It  has  been 
possible  to  show  crystals  of  iron  sulphide  in  the  centre  of  some 
spherulitic  temper-carbon  nodules  as  though  providing  nuclei  for 
the  temper-carbon  formation  (see  Fig.  24  of  the  same  paper).  In 
malleable  irons  which  contain  all  the  sulphur  in  the  form  of  man- 
ganese sulphide,  the  temper  carbon  appears  to  be  an  aggregate  of 
very  small  graphite  ''  flakes  "  having  no  particular  orientations 
with  respect  to  each  other.  A  typical  example  of  this  is  shown 
in  Fig.  23  of  the  above  paper. 

Conclusion. 

It  has  been  shown  that  the  graphite  flakes  in  grey  cast  iron 
can  be  retained  quite  easily  during  the  polishing  operation  with 
but  few  changes  in  normal  recommended  procedures.  The  ideal 
to  aim  for  is  a  smoothly  polished  metallic  matrix  free  from  surface 
distortions  and  smoothly  polished  graphite  flakes  with  no  burnish- 
ing or  flowing  of  the  metallic  matrix  over  the  graphite  flakes. 
Only  with  specimens  prepared  in  this  way  can  any  accurate  idea 
be  obtained  of  the  size,  shape  and  internal  structure  of  graphite 
flakes.  The  process  which  has  been  described  here  enables  the 
complete  preservation  of  the  graphite  flakes  and  the  polishing 
operation,  if  correctly  adhered  to,  produces  specimens  perfectly 
prepared  for  photomicrography. 

The  polishing  procedure  given  here  has  the  advantage  that  it  is 
a  comparatively  rapid  method  of  specimen  preparation  and  the 
stages  are  quite  simple.  It  is  rather  difficult  to  give  any  accurate 
times  for  the  preparation  of  specimens,  but  as  a  rough  guide  it  can 
be  said  that  it  should  be  possible  to  prepare  a  specimen  of  a  cross- 
section  from  a  0*875-in.-dia.  test  bar  in  15  min.,  that  is  including 
cutting,  grinding,  rubbing  down,  and  polishing  and  etching.  The 
actual  time  required  for  specimen  preparation  by  this  method  is 
to  some  extent  a  function  of  the  number  of  times  the  specimen  is 
etched  and  repolished,  and  this  again  depends  on  the  structure  of 
the  specimen  and  on  the  perfection  required.  For  the  routine 
visual  examination  of  cast  irons,  it  is  frequently  unnecessary  to 
have  the  graphite  flakes  perfectly  prepared.  In  these  cases  oiUy  a 
rough  idea  of  the  general  structure  is  needed  and  the  number  of 

e>lishing  and  etching  operations  can  be  reduced  to  a  minimum, 
owever,  no  specimen  should  have  less  than  three  polishings  and 
etchings,  and  in  only  a  very  few  cases  should  it  be  necessary  to 
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polish  and  etch  more  than  ten  times  to  obtain  a  perfectly  prepared 
specimen.  The  repeated  etching  and  polishing  operation  not  only 
improves  the  appearance  of  the  graphite  structure,  but  also  gives 
a  better  finish  to  the  metallic  matrix  and  the  adoption  of  this  type 
of  technique  is  advisable  in  the  preparation  of  specimens  taken 
from  nearly  every  type  of  ferrous  and  non-ferrous  alloy. 

The  author  thanks  the  Council  of  the  British  Cast  Iron  Research 
Association  for  permission  to  publish  this  paper. 
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THE  METALLOGRAPHY  OF  INCLUSIONS 
IN  CAST  IRONS  AND  PIG  IRONS.* 

By  H.  MORROGH  (Bbitish  Cast  Ibon  Research  Association, 

BmMINOHAM). 
(Flp.  9  to  74-PUtfli  ZXXVnL  to  XLVIL) 

SlTMMABY. 

A  preliminary  scheme  of  classification  for  inclusions  in  cast  irons 
and  pig  irons  has  been  developed.  Using  this  classification,  the 
various  inclusions  are  dealt  with  under  the  appropriate  heculings. 
VariouB  experiments  have  been  performed  to  elucidate  the  nature 
and  mode  of  occurrence  of  these  particles. 

The  efifect  of  pouring  temperature  on  the  morphology  of  man- 
ganese sulphide  is  discussed.  Both  manganese  and  iron  sulphide 
were  found  to  behave  as  nuclei  for  the  formation  of  temper  carbon 
in  malleable  iron.  Manganese  sulphide  g^ves  "graphite-flake- 
aggregate  **  temper  carbon  and  iron  smphide  gives  spherulitic  temper 
carbon. 

A  blue-pink  inclusion  has  been  observed  in  various  cast  irons 
containing  titanium  and  insufficient  manganese  to  neutralise  all  the 
sulphur  as  manganese  sulphide.  This  constituent  has  been  prepared 
in  a  number  of  melts  and  shown  to  be  probably  titanium  sulphide. 
Two  forms  of  the  titanium  sulphide  inclusion  occur,  one  allotrio- 
morphio  and  one  idiomorphic.  The  complicated  optical  properties 
of  this  inclusion,  as  revealed  by  the  metallurgical  polarismg  micro- 
scope, are  described  in  detail. 

The  effects  of  test-bar  diameter  and  titanium  content  on  the 
number  of  titanium  ccu'bide  and  titanium  cyano -nitride  crystals 
have  been  determined  by  means  of  inclusion  counts.  An  attempt 
was  made  to  determine  whether  the  solubility  of  titanium  carbide 
in  austenite  could  be  detected  by  the  inclusion  count  method. 

The  efifect  of  zirconium,  in  amounts  up  to  about  0-5%,  on  the 
inclusions  in  cast  irons  was  studied.  With  increasing  zirconium 
contents  it  was  found  that  the  manganese  sulphide  in  the  base  iron 
was  gradually  replaced  by  an  orange-yellow  to  grev  inclusion.  When 
all  the  manganese  sulphide  had  been  removed  from  the  structure, 
blue-|n^y  cuoes  of  zirconium  carbide  appeared,  which  combined  with 
the  titanium  carbide  present  to  give  a  complex  titanium-zirconium 
carbide.  The  optical  properties  of  the  orange -yellow  to  grey  inclu- 
sion, as  revealed  by  the  polarising  microscope,  are  eiven  in  detail. 
In  melts  carried  out  in  a  rocking  arc  furnace,  the  yield  of  zirconium 
from  ferro-silicon-zirconium  additions  was  very  poor  and  most  of 
the  zirconium  appeared  to  be  fixed  as  lemon-yellow  zirconium 
nitride.  An  attempt  to  introduce  this  inclusion  into  crucible - 
melted  oast  iron  by  bubbling  nitrogen  through  the  melt  failed. 

Very  little  analogy  was  found  between  the  inclusions  in  steels 
and  cast  irons,  the  latter  being  chareu^terised  by  the  almost  complete 
absence  of  visible  oxides  or  sSicates.  In  conclusion,  it  is  suggested 
that  the  small  particles  referred  to  in  the  paper  could  be  termed 
*'  minor  phases  ^*  to  great  advantage  with  regard  to  definition. 


*  Received  October  3,  1940. 


208  p  morbooh  :   metalloobaphy  of 

Introduction. 

There  has  been  considerable  discussion  on  the  effect  of  inclusions 
in  cast  iron,  and  theories  have  been  put  forward  implying  that 
these  inclusions  exert  effects  on  the  structural  characteristics  of 
this  alloy.  The  majority  of  these  theories  have  been  enunciated 
without  any  effort  to  define  the  precise  meaning,  of  the  term  ''  in- 
clusions." The  terms  **  non-metallic  inclusion  and  "  slag  inclu- 
sion "  are  more  specific  in  themselves,  but  throughout  the  literature 
both  have  been  used  very  loosely.  The  word  "  inclusion  "  is  used 
here,  not  because  it  is  a  good  one,  but  rather  for  lack  of  a  better 
one  and  because  it  is  the  commonly  accepted  word  for  these  minor 
structural  constituents.  An  attempt  will  be  made  in  this  paper 
to  show  how  misleading  this  nomenclature  is. 

With  regard  to  theories  on  the  effect  of  inclusions  in  cast  iron 
and  pig  iron,  by  far  the  most  important  are  those  whichpostulate 
their  effect  on  the  size  and  type  of  graphite  formation.  The  theory 
put  forward  by  von  Keil  and  his  collaborators  ^^^  says  that  the 
inclusions  are  sub-microscopic,  while  others  do  not  definitely  say 
that  the  inclusions  are  either  sub-microscopic  or  microscopic.  It 
is  obvious  that  there  can  be  no  direct  microscopic  metallography 
of  the  sub-microscopic  inclusions,  although  lufitsche^^  has  ex- 
amined the  possibility  of  detecting  these  by  means  of  fluorescence 
effects. 

The  process  of  cataloguing,  recognising  and  tentatively  naming 
the  inclusions  in  plain  carbon  steels,  alloy  steels  and  ferro-alloys 
by  the  use  of  the  microscope  has  been  proceeding  very  rapidly, 
with  the  result  that  a  large  amount  of  metallographic  information 
is  available  in  this  field.  In  the  case  of  some  inclusions  there  is  a 
considerable  analogy  between  steels  and  cast  irons,  but  in  other 
cases  the  opposite  is  the  fact.  While  oxides  and  silicates  are  very 
important  inclusions  in  steels,  they  are  virtually  non-existent  from 
the  point  of  view  of  the  metallography  of  cast  iron. 

Bolton  ^^^  has  suggested  that  a  rough  classification  of  inclusions 
as  foreign  and  inherent  might  be  made.  Foreign  inclusions  would 
be  entrapped  furnace  slag,  refractories  and  foundry  sand,  while 
inherent  inclusions  would  be  small  particles  inherent  in  the  melting 
stock  or  deposited  therein  by  the  reaction  of  alloy  additions  with 
elements  already  in  the  base  iron,  or  by  the  reaction  of  atmospheric 
or  furnace  gases  with  the  constituents  of  the  alloy.  This  pre- 
liminary classification  seems  logical  and  quite  satisfactory.  The 
metallography  of  the  most  important  foreign  inclusions  in  cast  iron 
has  been  dealt  with  previously  by  the  author,***  and  only  inherent 
inclusions  will  be  discussed  here. 

The  effect  of  foreign  inclusions  on  the  inherent  inclusions  and 
on  the  structure  of  the  metal  must  not,  however,  be  overlooked. 
In  this  respect  the  results  obtained  recently  by  Scott  and  Joseph  *^* 
are  interesting.     These  investigators,  using  the  iodine  method  for 
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the  determination  of  '*  non-metallic  inclusions,"  found  very  much 
higher  silica  figures  in  sand-cast  samples  than  in  samples  cast  in 
a  graphite  mould.  It  has  been  noted  that  in  the  case  of  cast  irons 
with  border-line  compositions  (that  is  to  say,  those  which,  had 
they  been  cast  in  a  slightly  larger  section,  would  have  solidified  grey 
or  mottled),  where  particles  of  moulding  sand  have  been  included 
at  the  edge  of  the  castings,  the  metal  in  the  immediate  vicinity  of 
the  inclusion  tends  to  solidify  grey.  It  has  also  been  observed 
that  the  presence  of  such  inclusions  in  irons  containing  supercooled 
graphite  causes  a  slight  local  reversion  to  the  normal  flake  graphite 
structure. 

A  large  number  of  isolated  researches  have  been  carried  out 
which  are  concerned  directly  and  indirectly  with  inclusions  in  steels 
and  cast  irons,  but  so  far  no  attempt  has  been  made  to  draw  together 
the  threads  of  these  separate  and  important  researches  in  a  com- 
prehensive manner  with  respect  to  cast  iron.  It  is  proposed  here 
to  consider  these  researches  and  to  correlate  them,  wherever  possible, 
with  results  obtained  by  the  routine  microscopic  examination  of 
cast  irons  over  a  number  of  years. 

a  pbelhilnaby  scheme  of  classification  foe  inclusions  in 

Cast  Irons  and  Pig  Irons. 

Prom  the  points  of  view  of  their  colour,  morphology  and  chemical 
constitution,  the  inherent  inclusions  in  cast  irons  and  pig  irons 
may  be  classified  arbitrarily  into  a  few  groups  which  greatly 
facilitate  the  study  of  this  problem.  Such  a  classification  is  given 
below ;  this  was  actually  drawn  up  before  any  experimental  work 
had  been  done  which  subsequently  indicated  that  inclusions  in 
different  groups  in  the  present  classification  might  be  grouped 
together  solely  according  to  chemical  constitution.  However,  it 
has .  been  used  here  because  it  provided  the  basis  on  which  the 
constitution  and  mode  of  formation  of  the  inclusions  were  investi- 
gated. It  is  realised  that  the  classification  does  not,  in  itself,  solve 
the  ultimate  identity  of  the  inclusions  concerned. 

Group  /. — Manganese  sulphide,   iron  sulphide  and   com- 
posite inclusions  of  these  two. 
Oroup  11. — Pink  Inclusions  : 

(a)  Red-pink  and  idiomorphic. 

(6)  Blue-pink  and  allotriomorphic 

(c)  Blue-pink  and  idiomorphic. 
Group  III. — White  or  faint  grey  inclusions  : 

(a)  Idiomorphic 

(b)  Allotriomorphic. 

Group  IV. — Inclusions  produced  by  allo3dng  with  zirconium. 
Group  V. — Inclusions  produced  by  alloying  with  aluminium. 

The  various  groups  of  inclusions  are  dealt  with  in  detail  in  the 
next  section.     In  the  course  of  the  preparation  of  this  paper, 
IMl— i  p 
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experiments  were  .performed  to  elucidate  some  of  the  problems 
raised  by  a  critical  consideration  of  *the  literature  and  by  routine 
observations.  The  details  and  results  of  these  experiments  are 
also  given. 

Metallography  of  the  Individual  Inclusion'Grqups. 

Group  I. — Manganese  Svlphidey  Iran  StUphide  and  Composite 

Indusions  of  these  Tvx). 

It  is  convenient  to  deal,  in  this  section,  with  both  iron  sulphide 
and  manganese  sulphide-.  These  inclusions  are  very  well  known, 
and  it  is  generally  recognised  that  the  dove-grey  idiomorphic 
inclusions  in  cast  irons  are  manganese  sulphide,  and  that  the  khaki- 
coloured  inclusions,  present  in  irons  having  low  manganese  con- 
tents, are  iron  sulphide.  In  commercial  materials  the  effects  of 
manganese  and  sulphur  are  intimately  connected.  Information 
regarding  these  inclusions  is  to  be  found  in  three  lines  of  investi- 
gation : 

(a)  Descriptive  metallography  of  the  mode  of  occurrence 
of  the  inclusions ; 

(6)  Study  of  systems  relevant  to  these  inclusions,  for  instance, 
the  systems  Fe-S,  FeS-MnS,  F^FeS-MnS-Mn,  Fe-S-C, 
Fe-S-P,  &c. ; 

(c)  Consideration  of  the  facts  known  about  the  desulphuris- 
ing action  of  manganese. 

Much  purely  metallographic  work  has  been  done  on  manganese 
and  iron  sulphide  inclusions,  equilibrium  diagrams  pertaining  to 
S3rstems  connected  with  them  have  been  extensively  investigated, 
and  many  investigations  have  been  performed  and  much  theory 
has  been  propounded  on  the  desulphurising  action  of  manganese. 

In  irons  which  are  completely  free  from  manganese,  the  sulphur 
is  in  the  form  of  iron  sulphide  (FeS).  Additions  of  manganese  to 
such  irons  result  in  the  disappearance  of  iron  sulphide,  owing  to 
the  formation  of  manganese  sulphide.  The  reaction  may  be 
represented  by  the  following  equation  :  ^®'  '^ 

FeS  +  Mn  =  MnS  +  Fe. 

In  order  to  neutralise  all  the  sulphur  as  manganese  sulphide,  it 
is  necessary  to  have  an  excess  of  manganese  over  the  theoretical 
percentage  indicated  by  the  formula  (MnS).  This  fact  is  due  to 
the  reversibility  of  the  reaction,  as  was  originally  suggested  by 
Baykoff,^®^  and  confirmed  experimentally  by  Herty  and  True  :  ^^^ 

FeS  -f  Mn  ^  MnS  +  Fe. 

In  irons  (or  steels)  containing  insufficient  manganese  to  neutralise 
the  sulphur  entirely  as  manganese  sulphide,  the  dove-grey  man- 
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ganese  sulphide  occurs  associated  with  the  khaki  iron  sulphide  in 
the  form  of  duplex  inclusions. 

It  has  been  shown  by  numerous  investigations  ^^'  ^^'  ^^'  ^  that 
additions  of  manganese  to  cast  irons  and  steels  promote  the  removal 
of  sulphur,  owing  to  the  upward  settling  of  manganese  sulphide. 
The  extent  of  desulphurisation  was  shown  by  Heike^^^^  to  be 
proportional  to  the  manganese  content  and  inversely  proportional 
to  the  temperature.  The  process  of  desulphurisation  by.,  man- 
ganese can  be  attributed  to  two  main  factors.  First,  additions  of 
manganese  cause  the  above  reaction  to  proceed  to  the  right  and, 
secondly,  owing  to  the  very  slight  solubility  of  manganese  sulphide 
in  molten  cast  iron  and  its  low  relative  density,  the  solid  sulphide 
so  formed  rises  to  the  surface  of  the  metal.  Qprrespondingly,  the 
effect  of  the  temperature  is  manifest  in  two  ways.  At  higher 
temperatures  the  reaction  tends  to  proceed  more  to  the  left,  with 
a  decrease  In  the  concentration  of  manganese  sulphide  and  an 
increase  in  the  concentration  of  iron  sulphide,^ ^**  which  is  very 
soluble  in  molten  cast  iron.  Although  manganese  sulphide  is  only 
slightly  soluble  in  molten  iron,  its  solubility  does  increase  appre- 
ciably with  increasing  temperature,^^^^  thus  limiting  the  extent  of 
possible  desulphurisation. 

Herty  and  Gaines  <^*'  ^^^  found  that  in  ladles  of  molten  iron  the 
equilibrium  between  manganese  and  sulphur  can  be  expressed  by 
the  product  Mn%  X  S%  =  K.  The  product  was  foimd  to  vary 
within  the  limits  003  at  1100°  C.  and  0-656  at  at  1440°  C. 

Wohrman  ^^®*  prepared  synthetic  sulphide  inclusions  in  pure 
iron  melts.  He  gave  an  extensive  and  very  thorough  description 
of  the  morphology  and  mode  of  occurrence  of  iron  and  manganese 
sulphide  in  the  ^samples  obtained.  It  in  interesting  to  note  that 
this  investigator  found  large,  well-formed  dendrites  of  manganese 
sulphide  in  the  metal  at  the  tops  of  the  melts  containing  this 
inclusion. 

Andrew  and  Binney  ^^^^  investigated  the  solubility  of  iron  and 
manganese  sulphides  in  solid  steels.  They  concluded,  as  a  result 
of  their  experiments,  that  iron  sulphide  may  be  retained  in  solution 
in  iron  by  rapidly  chilling  the  metal  and  that  a  deposition  of  iron 
sulphide  occurs  on  reheating  the  alloy  to  a  temperature  of  900°  C. 
They  were  unable  to  show  manganese  sulphide  to  be  soluble  in 
solid  iron. 

Andrew,  Maddocks  and  Fowler*^  investigated  the  partial 
systems  manganous-oxide/manganese-sulphide,  manganous-silicate/ 
manganese  sulphide  and  ferrous-silicate /manganese-sulphide.  The 
diagrams  given  by  them  for  these  systems  are  of  the  simple  eutecti- 
ferous  type  and  indicate  manganese  oxide  to  be  appreciably  soluble 
in  solid  manganese  sulphide  at  room  temperature  and  manganese 
and  ferrous  sUicates  only  slightly  so. 

The  iron-sulphur-oxygen  system,^*"  the  iron-sulphur-carbon 
system  *^'  ^'  ^  and  the  iron-sulphur-phosphorus  system  ^^^^  have 
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been  investigated  and  shown  to  exhibit  miscibility  gaps  in  the 
liquid  state.  In  the  first  system,  the  miscibility  gap  extends  from 
the  iron /iron-oxide  side  into  the  ferrous  sulphide  comer  of  the 
triangle.  In  the  two  latter  systems,  the  miscibility  gaps  extend 
from  the  ferrous-sulphide/iron-carbide  and  from  the  ferrous- 
sulphide /iron-phosphide  sides  into  the  iron  comers. 

The  system  Fe-FeS-MnS-Mn  has  been  investigated  <»•  *«•  ^7.  as) 
and  equilibrium  diagrams  have  been  drawn  up  for  this  system, 
showing  a  miscibility  gap  which  extends  from  the  manganese/ 
manganese-sulphide  side  far  into  the  iron  comer.  Wentrup  ^^ 
summarised  and  closely  analysed  all  the  published  information 
pertaining  to  this  system.  Additions  of  manganese  to  the  iron- 
sulphur-carbon  system  were  shown  by  Satd  ****  to  extend  the  region 
of  liquid  immiscibility  and  so  promote  desulphurisation.  In  his 
own  experimental  work  Wentrup  studied  the  eflFect  of  carbon, 
silicon  and  phosphorus  on  the  extent  of  desulphurisalKon.  Previ- 
ously some  indirect  evidence  on  this  subject  had  been  obtained  by 
Daeves  ^^^  in  a  statistical  study  of  silicon,  phosphorus,  manganese 
and  sulphur  analyses  of  pig  iron  from  three  blast-furnaces.  He 
found  that  with  increasing  silicon  or  phosphorus  contents  the 
sulphur  contents  fell.  Wentrup  observed  that  an  increase  in  the 
amounts  of  carbon,  silicon  or  phosphorus  favoured  an  increase  in 
the  extent  of  manganese  desulphurisation.  This  investigator  also 
pointed  out  the  desulphurisation  of  pig  iron  by  manganese  to  be 
purely  a  process  of  segregation  by  the  crystallisation  of  solid 
sulphide  from  the  melt. 

Joseph  and  Holbrook  ^^^^  studied  the  efiFect  of  temperature  on 
the  desulphurising  action  of  manganese  in  irons  with  various 
siUcon  contents.  In  presenting  the  data,  the  efifect  of  temperature 
was  related  to  the  product  Mn%  X  S%.  The  results  indicated 
that  the  product  was  fairly  constant  at  the  same  temperature, 
and,  when  plotted  graphically  against  the  temperature,  the  points 
so  obtained  fell  approximately  on  a  smooth  curve.  The  results 
of  Joseph  and  Holbrook  are  given  in  Fig.  1  and  Table  I. 

Shibata  ^^^  investigated  the  partial  system  FeS-MnS  and  pro- 
duced an  equilibrium  diagram  for  this  system.  Very  pure  materials 
were  used.  It  was  found  that  the  system  gave  a  simple  binary 
eutectic  of  two  solid  solutions  at  93*5%  iron  sulphide  and  6-3% 
manganese  sulphide  at  a  temperature  of  1164°  C.  At  the  eutectic 
temperature,  the  iron-sulphide-rich  solid  solution  was  found  to 
dissolve  20%  of  manganese  sulphide  and  the  manganese-sulphide- 
rich  solid  solution  to  dissolve  75%  of  iron  sulphide.  On  cooling 
to  room  temperature,  the  mutual  solubility  of  these  two  compounds 
decreased,  so  that  the  a  solid  solution  would  only  dissolve  0*5% 
of  manganese  sulphide,  and  the  p  solid  solution  24-0%  of  iron 
sulphide.  For  the  melting  point  of  iron  sulphide,  Shibata  obtained 
the  value  1173  i  2°C.,  and  for  pure  manganese  sulphide  the  value 
1610  ±  3°  C. 
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Table  I. — Effect  of  Temperature  and  Manganese  Content  on  the 
Precipitation  of  Manganese  Sulphide  from  Pig  Iron  {Joseph 
and  Holbrook  <32)). 


Sample 
No. 


Mn. 


6. 

O.' 

/o* 


Temp. 


Mn%x 
8%. 


TeM  91  {Silicon  1-2%). 


1 
o 

4 
5 
6 


1 
3 
4 


1 
o 

3 
4 
5 


1-81 

0-322 

1627 

1-77 

0-318 

1493 

1-63 

0-216 

1460 

1-56 

0153 

1408 

1-48 

0-089 

1349 

1-39 

0-064 

1315 

0-583 
0-563 
0-352 
0-238 
0132 
0-089 


TcH  92  {Silicon  0-84%). 


2-13 

0-199 

1489 

2-05 

0-116 

1399 

1-97 

0-045 

1331 

Test  93  (Silicon  1-0%). 


1-18 

0-41 

1485 

101 

0-30 

1413 

0-80 

0-16 

1358 

0-70 

0-11 

1320 

0-66 

0-086 

1263 

0-60 

0-067 

1249 

0-424 
0-238 
0089 


0-484 
0-303 
0128 
0077 
0067 
0-044 


Teat  94  {Silicon  0-90%). 


I 

o 

3 
4 


2-90 
2-84 
2-74 
2-70 


0-139 
0-084 
0-042 
0032 


1452 
1395 
1326 
1247 


0-403 
0-238 
0-115 
0-086 


Sample 
No. 


Mn. 


8. 


Temp. 
•0. 


"S^.^ 


1 

2 
3 
4 
5 


Test  95  (SUic<m  3-4%). 


1-31 

0-356 

1465 

1-05 

0182 

1408 

0-96 

0126 

1363 

0-89 

0-087 

1320 

0-86 

0072 

1291 

0*465 
0191 
0120 
0077 
0062 


Test  100  {No  Slag  on  Metal).* 


1 

1-61 

0-12 

1466 

2 

1-64 

007 

1390 

3 

1-61 

0-04 

1294 

4 

1-58 

0027 

1243 

5 

1-57 

0021 

1234 

Lgpt 

1-56 

0032 

... 

0193 
0-116 
0066 
0043 
0033 
0-060 


Test  101  (Metal  covered  with 
Topical  BUut-Fumace  Slag).* 


1 

1-66 

0-068 

1432 

2 

1-64 

0-035 

1424 

3 

1-59 

0-030 

1359 

4 

1-62 

0-027 

1327 

5 

1-66 

0027 

1277 

6 

1-62 

0-023 

1261 

Ingot  \ 

1-52 

0-024 

•  •  • 

1-52 

0023 

■  •  • 

0-096 
0067 
0-048 
0044 
0-046 
0037 
0-036 
0-036 


*  Temp>orature  of  bath  was  measured  with  a  noble-metal  thermocouple. 

Whiteley  ^^^  heat-treated  and  quenched  samples  of  steel  con- 
taining  0-19%  of  manganese  and  0019%  of  sulphur.  The  original 
steel  showed  both  iron  and  manganese  sulphide,  t)ut  the  heat- 
treatment  experiments  indicated  that  at  temperatures  below  1000®  C. 
the  iron  sulphide  was  gradually  dissolved  in  the  manganese  sulphide 
jimtil  by  heat-treating  at  1150°  C.  for  5  min.  the  iron  sulphide  dis- 
appeared completely.  The  results  obtained  by  Whiteley  wer6^  in 
agreement  with  the  requirements  of  the  equilibrium  diagram  for 
the  system  FeS-MnS  proposed  by  Shibata.  This  dia^am  indi- 
cated, as  pointed  out  previously,  that  the  solubility  of  solid  iron 
sulphide  in  solid  manganese  sulphide  decreases  rapidly  with  fall 
in  temperature.  By  a  further  experiment  Whiteley  was  able  to 
show  that  at  temperatures  above  the  solidus  the  sulphide  consisted 
predominantly  of  FeS.  The  appearance  of  iron  sulphide  at  these 
temperatures  is  due  to  the  fact  that  the  reaction  FeS  +  Mn  ^=^ 
MnS  +  Fe,  will  tend  to  proceed  towards  the  left  at  higher  tenf- 
peratures.    By  very  drastic  quenching  from  the  liquid  state,  this 
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investigator  was  able  also  to  show  that  iron  sulphide  was  present 
in  liquid  steel  containing  0-06%  of  sulphur  and  0*6%  of  manganese. 

When  examined  with  a  dry  objective,  manganese  sulphide 
presents  the  typical  uniform  dove-grey  colour.  When  this  con- 
stituent is  examined  with  an  oil-immersion  or  a  mono-bromo- 
naphthalene-inunersion  objective,  it  appears  much  darker,  with  a 
definite  greenish  coloration,  and  occasionally  exhibits  translucency. 
This  latter  property  is  manifested  by  the  occurrence  of  light  greenish- 
yellow  spots  and  sets  of  coloured  wavy  lines,  suggestive  of  inter- 
ference phenomena,  on  the  surface  of  the  inclusions.  A  typical 
example  of  the  greenish-yellow  spots  is  illustrated  in  Fig.  9,  while 
Kg.  10  illustrates  the  occurrence  of  the  coloured  wavy  lines.  In 
cases  where  thp  manganese/sulphur  ratio  is  low  and  the  sulphide 
inclusions  consist  of  manganese  sulphide  containing  dissolved  iron 
sulphide,  the  colour  under  oil-inmiersion  objectives  is  light  dove-grey, 
witibout  any  greenish  appearance,  and  the  translucency  effects  are 
not  marked,  and  in  some  cases  are  not  even  detectable. 

Manganese  sulphide  has  a  cubic  crystal  structure,^^  and,  as 
would  be  expected,  inclusions  of  this  compound  remain  dark  in 
all  positions  of  the  stage  when  they  are  examined  under  polarised 
light  between  crossed  nicols/^^^  When,  however,  a  crystal  showing 
light  green  spots  or  a  set  of  wavy  lines  is  examined  in  this  manner, 
a  greenish  coloration  is  observed  which  persists  in  all  positions  of 
the  stage.  This  coloration  makes  the  outline  of  the  inclusion 
somewhat  indefinite.  The  fact  that  it  appears  in  all.  positions 
of  the  stage  indicates  that  the  brightness  is  not  an  effect  due  to 
anisotropy.  This  is  in  agreement  with  the  crystal  structure  of 
manganese  sulphide.  When  the  inclusion  is  spherical  or  approxi- 
mately spherical,  and  also  shows  these  light  green  spots  under 
normal  bright-field  vertical  illumination,  then  examination  under 
polarised  light  between  crossed  nicols  reveals  an  optical  cross  and 
greenish  concentric  rings.  The  more  nearly  spherical  the  inclusion 
is,  the  more  definite  does  this  optical  formation  become.  A  nearly 
spherical  manganese  sulphide  inclusion  is  shown  in  Fig.  11.  This 
inclusion  had  a  light  green  coloration  in  its  centre  under 'bright- 
field  vertical  illumination,  and  when  examined  under  polarised 
light  between  crossed  nicols  the  optical  cross  and  concentric  rings 
were  clearly  developed.  This  latter  point  is  illustrated  in  Fig.  12. 
To  the  left  of  the  spherical  inclusion  is  one  more  irregular  in  out- 
line, but  also  showing  a  greenish  coloration.  In  the  micrograph 
taken  under  polarised  light,  it  is  seen  that  the  optical-cross  and 
concentric-ring  formations  are  not  so  clearly  defined  in  this  inclusion 
as  in  the  spherical  one. 

Dayton^^®*  showed  that  spherical,  transparent  isotropic  inclu- 
sions manifest  the  optical-cross  and  concentric-ring  phenomena 
when  examined  under  polarised  light  between  crossed  nicols.  The 
position  of  the  dark  cross  remains  constant  on  rotating  the  stage 
of  the  microscope,  the  arms  of  the  cross  being  parallel  to  the  planes 
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of  polarisation  of  the  incident  light  and  the  analjrser  nicol.  Further, 
Dayton  showed  that  these  phenomena  are  due  to  the  production  of 
circularly  polarised  light  by  reflection  in  isotropic  media.  These 
facts  lead  to  the  conclusion  that  the  above  observations  indicate 
manganese  sulphide  to  be  transparent  to  green  light.  It  would 
thus  appear  that  the  greenish  spots  seen  under  ordinary  vertical 
illumination  are  due  to  the  fact  that  some  of  the  incident  light  is 
transmitted  by  the  inclusion,  reflected  at  the  inclusion-metal 
interface,  and  transmitted  back  through  the  inclusion  to  the  micro- 
scope objective.  The  transmission  of  light  by  the  inclusion  results 
in  the  absorption  of  all  wavelengths  other  than  the  green  or  yellow- 
green.  The  green  coloration  seen  under  polarised  light  between 
crossed  nicols  is  due  to  the  production  of  elliptically  polarised  light 
by  reflection  at  the  base  of  the  inclusion.  The  transparency  of 
manganese  sulphide  also  explains  the  wavy  lines.  These  lines 
exhibit  all  the  colours  of  the  spectrum,  and  it  would  seem^  that 
they  are  interference  bands  produced  by  the  interference  of  light 
reflected  from  the  surface  of  the  inclusion  with  light  reflected  &om 
the  base  of  the  inclusion.  It  is  obvious  that  the  inclusion  must 
be  very  thin  for  this  to  occur  and,  in  general,  it  must  be  wedge- 
shaped.  Fig.  13  illustrates  this  latter  point.  The  manganese 
sulphide  crystal  showing  the  interference  lines  appears  to  be  a 
thin  wedge  which  increases  in  thickness  from  right  to  left. 

From  the  review  of  the  literature  on  the  mode  of  occurrence  of 
manganese  sulphide  and  on  the  desulphurisation  of  iron  by  man- 
ganese, it  is  seen  that,  in  general,  the  following  facts  emerge  : 
Manganese  sulphide  is  only  slightly  soluble  in  molten  cast  iron, 
the  solubility  increasing  with  increasing  temperature.  At  any 
given  temperature,  any  excess  manganese  sulphide  will  tend  to  rise 
and  segregate  at  the  surface  of  the  molten  metal.  On  cooling  &om 
such  a  specified  temperature,  the  dissolved  manganese  sulphide 
will  be  deposited  in  a  dendritic  form.  These  points  are  entirely 
confirmed  by  the  observed  morphology  of  manganese  sulphide  in 
cast  irons. 

In  cast  irons  poured  at  fairly  low  temperatures  (<1350°  C), 
manganese  sulphide  occurs  in  typical  compact  idiomorphic  crystals, 
whereas  in  irons  poured  at  high  temperatures  (>1400°  C.)  the 
manganese  sulphide  tends  to  occur  in  recognisable  dendritic  forms 
in  the  case  of  high-sulphur  irons,  and  as  **  anchor-shaped  "  crystals 
in  low-sulphur  irons.  Portevin  and  Castro  ^^^^  have  observed  this 
latter  form  in  cast  irons.  A  typical  example  of  an  anchor-shaped 
manganese  sulphide  dendrite  is  shown  in  Fig.  14,  and  a  well- 
formed  manganese  sulphide  dendrite  in  a  hot-poured  high-sulphur 
iron  is  illustrated  in  Fig.  16. 

Norbury  ^^^^  has  shown  that  the  primary  microstructure  of  cast 
iron  is  considerably  aflfected  by  the  pouring  temperature.  For 
instance,  in  the  case  of  hypo-eutectic  cast  irons,  the  primary 
austenite  dendrites  decrease  in  length  and  become  more  compact 
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with  decreasing  pouring  temperature.  It  is  obvious  from  the 
above  observations  that  manganese  sulphide  behaves  in  a  similar 
manner  (with  regard  to  pouring  temperature),  with  the  one  differ- 
ence that  the  manganese  sulphide  dendrites  formed  at  high  tem- 
peratures will  tend  to  float  up  to  the  surface  of  the  metal,  by  virtue 
of  their  low  relative  density.  The  manifestly  dendritic  form  of 
manganese  sulphide  in  hot-poured  samples  is  the  exact  analogue 
of  the  long,  well-formed,  primary  austenite  dendrites,  while  the 
small,  typically  idiomorphic  crystals  correspond  to  the  short 
primary  austenite  dendritesr  The  fact  that  manganese  sulphide 
exhibits  the  same  ihorphological  changes  with  decreasing  pouring 
temperature  as  do  the  primary  metallic  dendrites,  still  further 
confirms  that  manganese  sulphide  is  soluble  in  molten  cast  iron, 
from  which  it  is  deposited  in  the  solid  form  as  cooling  proceeds. 

Occasionally,  small  spherical  holes  filled  with  metal  are  observed 
in  the  centres  of  manganese  sulphide  crystals.  This  fact  has  been 
recorded  photomicrographically  by  Allen.^^^  The  examination 
of  a  large  number  of  samples  of  cast  iron  containing  well-formed 
manganese  sulphide  crystals  has  suggested  quite  a  simple  explana- 
tion for  this  curious  morphology.  This  is  illustrated  in  Figs.  16(a^), 
which  were  taken  from  the  same  sample  as  that  used  for  Fig.  15. 
Manganese  sulphide  begins  to  grow  in  the  manner  characteristic  of 
dendrites  having  a  cubic  crystal  structure.  The  initial  dendrite 
has  six  outgrowing  branches  radiating  from  a  common  centre. 
'  This  is  shown  in  Fig.  16(a).  At  first  these  small  manganese  sulphide 
dendrites  are  rounded,  but  with  a  fall  in  temperature,  the  tips  of 
the  dendrite  branches  gradually  take  on  an  ''  arrow-head  "  snai 
(Fig,  16(6)).  The  next  stage  of  growth  results  in  the  tips  of  tl 
arrow-heads  becoming  angular,  and  the  arrow-heads  on  different 
dendrite  branches  grow  opt  to  meet  each  other  (Fig.  16(c)).  Finally, 
the  joining  up  of  the  dendrite  branches  is  completed  at  the  extreme 
ends  of  the  dendrites,  and  a  perfect  idiomorphic  crystal  is  obtained 
with  small  holes  containing  entrapped  metal  (Fig.  16(d)),  The 
number  of  such  spheroids  of  entrapped  metal  which  are  visible 
must  obviously  depend  on  the  particmar  section  which  the  surface 
of  the  micro-specimen  cuts  through  the  manganese  sulphide  crystal. 
Very  rarely,  minute  black  specks  have  been  observed  in  man- 
ganese sulphide,  but  they  were  so  small  that  it  was  impossible  to 
say  definitely  whether  they  were  holes  or  small  inclusions,  even  by 
the  use  of  the  highest  available  magnifications.  However,  on  one 
occasion,  samples  of  manganese  sulphide  containing  large,  well- 
developed  dark  crystals  were  obtained.  The  melt  in  question  was 
carried  out  as  follows  :  195  g.  of  Swedish  white  iron  and  6  J  g.  of 
80%  ferromanganese  were  melted  in  an  alundum  crucible,  using  a 
hi^-£requency  induction  "furnace ;  the  metal  was  superheated  as 
far  as  possible,  then  3  g.  of  iron  sulphide  were  added  and  the  furnace 
was  shut  off,  the  crucible  and  its  contents  being  allowed  to  cool  in 
air.    The  resultant  ingot  was  sectioned  from  top  to  bottom  for 


218  P  MORBOOH  :     MBTALLOORAPHY  OF 

microscopic  examination.  The  original  purpose  of  the  experiment 
was  to  obtain  some  well-formed  manganese  sulphide  dendrites. 
However,  not  only  were  dendrites  present,  but  also  large  spheroids 
of  this  compound,  indicating  that  the  composition  and  temperature 
of  superheating  were  such  that  the  r^on  of  liquid  immiscibility 
had  been  reached.  A  large  number  of  idiomorphic  and  dendritic 
manganese  sulphide  crystals  either  contained,  or  were  associated 
with,  quite  large  crystals  of  a  dark,  grey-green  compound,  although 
the  spheroids  of  manganese  sulphide  did  not  show  this.  Generally, 
these  dark  crystals  were  cubic  in  outline  and  they  appeared  to  be 
much  harder  than  manganese  sulphide,  above  which  they  stood  in 
considerable  relief.  A  typical  example  of  this  inclusion  is  shown 
in  Fig.  17.  Occasionally  the  inclusion  occurred  in  an  elongated 
form,  and  when  the  length  of  the  manganese  sulphide  dendrite 
happened  to  be  sectioned  by  the  polished  surface,  it  was  seen  to 
occur  in  a  particularly  complex  form  alonj^  the  dendrite.  Figs.  18 
and  19  illustrate  these  two  latter  modes  oi  occurrence. 

The  chemical  analysis  of  the  sample  gave  2*41%  of  manganese 
and  0-40%  of  sulphur.  A  comparison  of  the  morphology  of  the 
dark  inclusion  with  that  of  the  manganese  sulphide  suggested  that 
the  cubic  appearance  in  a  compact  idiomorphic  manganese  sulphide 
crystal  was  due  to  the  fact  that,  actually,  a  cross-section  of  a  man- 
ganese sulphide  dendrite  was  being  examined,  and  that  the  actual 
form  of  the  dark  inclusion  was  acicular,  nmning  the  length  of  the 
manganese  sulphide  dendrites  and  having  a  cubic  cross-section. 

Careful  examination  of  the  inclusion  revealed  it  to  have  a  faint 
greenish  translucency,  which  was  confirmed  by  its  behaviour  under 
polarised  light  between  crossed  nicols,  wh^n  a  bright  green  colora- 
tion was  obtained,  persisting  in  all  positions  of  the  stage.  The 
conclusions  to  be  drawn  from  the  polarised-light  examination  are 
that  the  inclusion  is  either  completely  isotropic  or  cubic,  and  that 
it  is  at  any  rate  partially  transparent  to  green  light.  The  observa- 
tions made  so  far  would  seem  to  indicate  this  new  inclusion  to  be 
probably  manganese  oxide,  containing,  perhaps,  a  small  amount  of 
iron  oxide,  FeO.  Portevin  and  Castro  ^^^*  have  reported  that  the 
addition  of  manganese  (of  the  order  of  1  %)  to  oxidised  iron  results 
in  the  double-oxide  inclusions  becoming  darker,  and  with  high 
manganese  contents  the  colour  changes  to  green,  with  a  high 
transparency. 

In  whiteheart  malleable  irons,  where,  as  a  rule,  the  manganese/ 
sulphur  ratio  is  low,  iron  sulphide  is  frequently  found  alone  or 
associated  with  varying  amounts  of  manganese  sulphide.  The  line 
of  demarcation  between  the  two  constituents  is  usually  very  sharp 
and  straight,  and  sometimes  iron  sulphide  occurs  in  a  Widmanstatten 
formation  in  the  manganese  sulphide.  These  facts  seem  to  indicate 
that  either  the  iron  sulphide  or  the  manganese  sulphide  is  formed 
in  the  solid  atate  from  either  a  manganese-sulphide-rich  solid 
solution  in  the  first  case,  or  an  iron-sulphide-rich  solid  solution  in 
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the  second  case.  Such  behaviour  is,  of  course,  indicated  by  the 
accepted  equilibrium  diagram  for  the  partial  system  FeS-MnS, 
and  also  by  the  experiments  of  Whiteley,  which  have  already  been 
referred  to.  Further  evidence  on  this  point  was  obtained  in  the 
following  manner  :  Pieces  of  white  iron  (used  in  the  manufacture 
of  whiteheart  malleable  iron)  containing  0*10%  of  manganese  and 
0-187%  of  sulphur,  were  heated  for  3  hr.  at  temperatures  ranging 
from  750^  to  1000°  C.  and  quenched  in  water.  The  as-cast  struc- 
ture had  fairly  large  amounts  of  iron  sulphide  with  a  small  amount 
of  manganese  sulphide ;  the  samples  quenched  from  950°  and  1000°  C 
showed  no  iron  sulphide,  and  those  quenched  from  900°,  860°  and 
800°  C.  contained  only  traces  of  iron  sulphide,  while  the  sample 
quenched  from  750°  C.  was  very  similar  to  the  as-cast  sample.  It 
is  interestiiig  to  remember  this  point  in  connection  with  the 
malleabilising  of  white  iron.  Although  an  iron  may  show  iron 
sulphide  in  the  as-cast  state,  it  does  not  necessarily  mean  that 
fi^e  iron  sulphide  will  be  present  in  the  iron  at  the  ^annealing 
temperature. 

Lron  sulphide  has  a  hexagonal  crystal  structure  ^^  and,  as 
would  be  expected,  when  examined  under  polarised  light  between 
crossed  nicols  it  lights  up  four  times  for  a  complete  revolution  of 
the  stage.  This  method  of  examination  can  be  used  very  effectively 
to  distinguish  between  iron  sulphide  and  manganese  sulphide,  or 
between  iron  sulphide  and  manganese  sulphide  rich  in  iron  sulphide. 
A  t3rpical  example  of  a  duplex  inclusion  of  iron  and  manganese 
sulphide  is  shown  in  Figs.  20  and  21.  The  effect  of  the  annealing 
on  the  inclusions  in  irons  for  malleablising  is  to  spheroidise  them. 
This  is  particularly  noticeable  in  irons  containing  the  duplex  sulphide 
inclusions. 

An  improved  technique  has  been  developed  for  the  preparation 
of  cast  iron  and  malleable  iron  microsections,  which  enables  the 
actual  internal  structure  of  the  graphite  to  be  observed.*  The 
application  of  this  technique  to  malleable  iron  samples  has  revealed 
that  at  least  two  different  forms  of  temper-carbon  nodules  can 
exist.  Generally  speaking,  the  temper  carbon  occurring  in  white- 
heart  malleable  iron  is  in  a  compact  spherulitic  form,  in  which  the 
graphite  crystallites  have  their  basal  planes  orientated  at  right 
angles  to  the  sphere  of  which  the  temper-carbon  nodule  can  be 
considered  to  be  composed.  A  typical  example  of  this  type  of 
temper  carbon  is  illustrated  in  Kg.  22.  The  "  fluffy  '*  graphite 
around  the  main  body  of  the  nodule  is  the  hyper-eutectoid  graphite, 
the  amount  and  *'  fluffiness  **  of  which  depend  on  the  annealing 
temperature,  the  stability  of  the  cementite  and  the  rate  of  cooling 
given  to  the  sample.  In  blackheart  malleable  irons  it  was  observed 
that  the  temper  carbon  generally  existed  in  a  form  which,  when 
examined  by  the  improved  technique,  was  revealed  to  be  virtually 

*  The  author's  paper  describing  this  method  of  preparing  samples  of  cast  and 
malleable  irons  for  micro -examination  is  on  p.  195  p  of  this  volmne. 
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an  aggregation  of  small  graphite  flakes.  At  first  it  was  thought 
that  the  two  different  types  of  temper-carbon  nodule  were  the 
result  of  the  two  different  types  of  annealing  used  in  the  production 
of  whiteheart  and  blackheart  malleable  iron.  This  was  disproved, 
however,  when  a  piece  of  whiteheart  malleable  iron  was  discovered 
with  the  "  graphite-flake-aggregate "  type  of  temper  carbon 
(Fig.  23).  Examination  of  the  sample  revealed  that  the  manganese 
content  of  the  iron  was  sufficient  4k)  balance  the  sulphur  content 
and  that  only  manganese  sulphide  was  present.  Thus  it  became 
apparent  that  the  real  causes  of  the  production  of  the  two  different 
forms  of  temper  carbon  lay,  not  in  the  different  annealing  treat- 
ments which  blackheart  and  whiteheart  malleable  irons  receive, 
but  rather  in  the  fact  that,  in  general,  whiteheart  malleable  irons 
contain  iron  sulphide,  and  blackheart  malleable  irons  contain  only 
manganese  sulphide.  This  became  more  apparent  when  the  mode 
of  occurrence  of  the  temper  carbon  was  more  closely  examined. 
In  whiteheart  malleable  irons  containing  iron  sulphide,  it  was 
found  that  a  large  number  of  temper-carbon  nodules  had  nuclei 
of  iron  sulphide.  A  typical  example  of  this  is  illustrated  in  Fig.  24. 
So  far,  it  has  not  been  possible  to  determine  whether  every  spheru- 
litic  temper-carbon  nodule  contains  an  iron  sulphide  nucleus,  since 
it  appears  that  the  nucleus  will  only  be  visible  when  the  temper- 
carbon  nodule  is  so  sectioned  that  the  polished  metal  surface  cuts 
through  the  centre  of  the  nodule.  When  the  white  iron  used  for 
the  manufacture  of  whiteheart  malleable  is  poured  at  a  fairly  high 
temperature,  the  resultant  malleable  iron  frequently  contains 
groups  of  spheruhtic  temper  carbon  joined  together,  forming  an 
almost  continuous  and  straight  band  of  graphite.  A  typical 
example  of  this  is  illustrated  in  Fig.  25.  The  explanation  of  this 
phenomenon  is  fairly  obvious  when  it  is  remembered  that  iron 
sulphide  can  act  as  a  nucleus  for  the  temper  carbon.  In  hot- 
poured  white  irons,  the  primary  dendrites  will  tend  to  be  long, 
and  in  thin  sections  (such  as  are  frequent  in  the  malleable-iron 
industry)  columnar.  As  a  result  of  this,  the  extra-dendritic  or 
eutectic  regions  will  be  likewise  striated  or  colunmar.  Now,  iron 
sulphide  segregates  to  the  eutectic  regions  of  white  irons  and  so  it 
will  be  arranged  more  or  less  in  straight  lines  radiating  approxi- 
mately at  right  angles  to  the  cooling  surface.  These  iron  sulphide 
inclusions  will  then  act  as  nuclei  for  the  formation  of  spheTulitic 
temper  carbon,  which,  if  the  inclusions  are  sufficiently  close  together, 
will  give  a  continuous  band  of  graphite.  It  is  important  to  observe 
at  this  stage  that  only  a  few  of  the  available  iron  sulphide  nuclei 
actually  behave  as  nuclei  for  the  temper-carbon  nodules.  There 
are  always  far  more  iron  sulphide  inclusions  than  temper-carbon 
nodules.  The  question  becomes  further  complicated  when  it  is 
remembered  that,  although  iron  sulphide  may  be  present  as  the 
&ee  compound  in  the  iron  at  room  temperature,  it  is  also  possible 
that  it  is  dissolved  to  some  extent  in  the  manganese  sulphide  at 
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the  annealing  temperature.  In  this  fact  may  lie  the  explanation 
of  the  observation  that  only  a  few  of  the  iron  sulphide  inclusions 
behave  as  nuclei.  In  the  case  of  irons  containing  duplex  sulphide 
inclusions,  some  of  the  iron  sulphide  will  tend  to  dissolve  in  the 
manganese  sulphide,  giving  an  apparently  homogeneous  type  of 
inclusion.  It  is  probable  that  with  this  state  of  affairs  the  man- 
ganese sulphide  inclusions  rich  in  iron  sulphide  do  not  act  as  nuclei 
for  the  graphite,  but  the  relatively  small  amount  of  iron  sulphide 
remaining  undissolved  does  act  in  this  manner,  and  so  at  room 
temperature,  when  the  iron  sulphide  is  reprecipitated,  only  few  of 
the  visible  iron  sulphide  inclusions  appear  to  have  nucleated  the 
graphite. 

Schwartz  *^^  has  reported  and  recorded  photomicrographically 
the  nucleisation  of  temper  carbon  by  manganese  sulphide.  Un- 
fortunately, the  micrograph  which  he  reproduced  does  not  reveal 
the  structure  of  the  temper  carbon.  This  investigator  claims  that 
graphitisation  usually  begins  at  a  cementite /solid-solution  inter- 
face.^^^  Although  no  actual  analyses  are  given,  these  remarks 
presumably  apply  to  irons  in  which  the  sulphur  content  is  balanced 
by  the  manganese  content.  The  use  of  the  improved  polishing 
technique  has,  however,  made  it  possible  to  observe  the  process  of 
graphite-flake-aggregate  temper  carbon  forming  around  manganese 
sulphide  crystals. 

A  piece  of  a  l*2-in.  bar  was  annealed  at  a  temperature  of  1050°  C' 
for  2  hr.  and  then  air-cooled.  The  analysis  of  the  bar  in  the  as-cast 
condition  was  as  follows  : 


Total  carbon  .  .     1-92%  Sulphur  .  .     0060% 

SUicon    .  .  .     0-77%  —        - 

Manganese      .  .     0*38% 


Silicon    .  .  .     0-77%  Phosphorus     .  .     0048% 

0-38% 


Figs.  26  and  27  illustrate  a  typical  graphite  formation  around 
manganese  sulphide  in  this  sample.  The  temper-carbon  structure 
is,  in  this  case,  very  different  from  the  spherulitic  structure.  Fig.  27, 
taken  under  polarised  light  between  crossed  nicols,  reveals  the 
outlines  of  the  numerous  graphite  crystallites,  which,  under  normal 
vertical  illumination,  are  not  differentiated. 

An  examination  of  the  etched  structure  of  the  annealed  sample 
showed  that  a  large  number  of  the  manganese  sulphide  crystals 
surrounded  by  graphite  were  actually  situated  in  a  eutectic  cementite 
region.  A  typical  example  of  this  is  illustrated  in  Fig.  28.  It 
was  also  found  that  a  considerable  amount  of  the  h3rpereutectoid 
cementite  had  apparently  graphitised  in  situ  without  the  presence 
of  manganese  sulphide  (Fig.  29).  Generally,  the  hypereutectoid 
graphite  so  formed  was  continuous  with  its  cementite  counterpart. 

The  joining  up  of  several  adjacent  flake-graphite-aggregate-tjrpe 
temper-carbon  nodules  has  been  observed  in  blackheart  malleable 
irons.  Although  this  phenomenon  is  apparently  analogous  to  that 
occurring  with  the  spherulitic  temper-carbon  nodules,  it  has  not, 
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BO  far,  been  possible  to  demonstrate  that  it  is  caused  in  the  same 
manner.  A  typical  example  of  a  continuous  band  of  such  temper 
carbon  is  illustrated  in  Fig.  30. 

From  the  above  remarks  it  is  seen  that  the  question  of  the 
nucleisation  of  graphite  by  manganese  sulphide  is  more  complex 
than  that  by  iron  sulphide.  As  Schwartz  ^  has  pointed  out,  the 
number  of  nuclei  present  for  the  formation  of  temper  carbon  is 
greatly  affected  by  variations  in  other  conditions,  and  by  the 
introduction  of  a  quenching  treatment  prior  to  the  annealing. 
However,  as  far  as  is  known  at  present,  these  facts  only  apply  Uy 
irons  in  which  the  manganese  is  balanced  by  the  sulphur,  or  in 
which  no  sulphides  other  than  manganese  sulphide  exist.  From 
the  observations  made  above,  the  one  certain  and  significant  fact 
emerges,  that  malleable  irons  made  from  white  irons  containing 
iron  sulphide,  or  a  mixture  of  iron  and  manganese  sulphide,  have 
a  very  different  form  of  temper  carbon  from  irons  containing  only 
manganese  sulphide.  The  fundamental  explanation  of  this  behaviour 
is  still  obscure,  the  more  so  since  the  presence  or  absence  of  these 
inclusions  is  not  the  sole  factor  affecting  the  number  of  graphite 
nuclei  formed.  Nevertheless,  inclusions  of  this  nature  obviously 
affect  the  graphitisation  of  white  iron  to  a  great  extent,  and  it  may 
be  important  to  try  to  reconcile  the  effects  of  manganese  sulphide 
and  iron  sulphide  with  their  different  crystal  structures. 

The  presence  of  iron  sulphide  in  grey  or  mottled  irons  of  fairly 
large  section  frequently  induces  some  very  characteristic  structural 
features  in  the  pearlitic  matrix.  It  is  not  necessary  for  all  the 
sulphur  to  be  in  this  form — a  trace  of  iron  sulphide  will  suffice. 
The  structural  characteristic  referred  to  is  the  occurrence  throughout 
the  section  of  very  coarsely  laminated  pearlite  along  with  very 
fine  pearlite,  which  is  sometimes  in  a  network  formation.  A 
typical  example  of  this  is  illustrated  in  Fig.  31.  The  sample  from 
which  this  micrograph  was  taken  had  the  following  anal3rsis  : 

Total  carbon  .  .     3-93%  Sulphur  .  .     0146% 

Silicon    .  .  .0-88%  Phosphorus     .  .     003% 

Manganese      .  0-30% 

The  general  structure  of  the  sample  consisted  of  a  mixture  of 
medium-sized  fiake  graphite  and  supercooled  graphite  in  a  matrix 
of  pearlite,  with  a  small  amount  of  eutectic  cementite.  Both 
manganese  and  iron  sulphides  were  present.  The  section  of  the 
sample  concerned  was  approximately  2  x  2  in.  Examination  at  a 
high  magnification  revealed  that  fine  pearlite  usually  radiated 
from  a  very  fine  band  of  hypereutectoid  cementite  (Fig.  32). 

This  type  of  structure  also  occurs  to  a  different  degree  in  white- 
heart  malleable  irons  which  contain  an  unusually  high  sulphur/ 
manganese  ratio.  In  spite  of  the  fact  that  in  these  malleable  irons 
the  eutectic  cementite  has  broken  down,  the  hypereutectoid  cemen- 
tite, remaining  dissolved  in  the  austenite  at  the  annealing  tem- 
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perature,  appears  to  be  exceptionally  stable,  with  the  result  that 
it  is  deposited  at  the  grain  boundaries  in  a  network  formation. 
Pearlite  forming  adjacent  to  this  hypereutectoid  cementite  exists 
in  a  very  fine  form,  while  that  towards  the  centres  of  the  grains 
occurs  in  a  very  coarse  and  abnormally  divorced  form.  A  typical 
example  of  this  structure  in  a  whitehead)  malleable  iron  is  illus- 
trated in  Figs.  33  and  34.  Such  a  structure  in  malleable  iron  is 
always  associated  with  inferior  mechanical  properties.  At  the 
moment  it  is  impossible  to  tell  whether  the  occurrence  of  these 
fine  and  coarse  forms  of  pearlite  is  the  direct  result  of  the  presence 
of  iron  sulphide  or  an  indu*ect  result  brought  about  by  the  stabilising 
effect  of  the  iron  sulphide  on  the  hypo-eutectoid  cementite.  It  is 
certain,  however,  that  this  structural  characteristic  can  be  used 
as  a  preliminary  indication  of  the  presence  of  iron  sulphide  in  any 
particular  sample  and  of  its  tendency  to  throw  a  *'  sulphur  chill.'' 

Oroup  II. — Pink  Inclusions. 

(a)  Red'Pink  and  Idiomorphic  Incltisions. 

This  group  comprises  the  inclusions  usually  referred  to  in  the 
literature  aJ9  titanium  cyano-nitrides.  These  occur  in  nearly  all 
cast  irons  in  the  form  of  small  cubes.  They  are  considerably 
harder  than  the  metallic  matrix  and  tend,  usually,  to  stand  up 
in  appreciable  relief.  Whether -viewed  under  dry  or  immersion 
objectives,  they  present  brilliant  surfaced.  With  regard  to  the 
occurrence  of  this  constituent,  it  can  be  said  that  in  cast  irons  it 
shows  a  marked,  tendency  to  occur  associated  with  manganese 
sulphide  in  the  extra-dendritic  regions  of  the  structure.  This 
may  be  duo  to  the  fact  that  it  forms  from  the  melt  in  a  similar 
manner  to  manganese  sulphide.  Titanium  cyano-nitride  is  shown 
associated  with  manganese  sulphide  in  Fig.  35.  This  titanium 
inclusion  has  also  been  observed  in  association  with  graphite.  An 
example  of  this  is  illustrated  in  Fig.  36. 

The  term  **  titanium  cyano-nitride  "  does  not  necessarily  signify 
a  definite  chemical  compound,  but  rather  a  solid  solution  of  titanium 
carbide  in  titanium  nitride,  and  so  the  ratio  of  titanium  C€u:bide  to 
titanium  nitride  does  not  conform  to  a  definite  stoichiometrical 
relationship.  The  partial  system  titanium-carbide /titanium-nitride 
has  been  studied  ^^^  and  shown  to  yield  a  continuous  series  of 
solid  solutions.  These  facts  are  in  agreement  with  the  observation 
that  the  colour  of  titaKum  cyancvnitrides  in  cast  iron  vary  in 
colour  from  deep  salmon-pink  to  very  faint  pink.  It  is  significant 
to  note  that  the  faint-pink  cyano-nitrides  usually  occur  with 
relatively  high  titanium  contents  and  consequently  with  relatively 
large  amounts  of  titanium  carbide. 

Both  titanium  carbide  and  titanium  nitride  have  cubic  crystal 
structures,  and,  as  would  be  expected,  titanium  cyano-nitride 
iaclosions  appear  to  be  optically  isotropic.    Actually,  when  examined 
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-  under  polarised  light  between  crossed,  nicols,  they  show  a  slight 
red  coloration  (particularly  when  an  oil-immersion  objective  is 
used),  which  persists  in  all  positions  of  the  stage.  Grenerally,  they 
also  show  elliptical  polarisation  effects  at  their  edges,  owing  to  ihne 
fact  that  they  tend  to  stand  up  in  relief  from  the  metallic  matrix. 

(b)  BltLe-Pink  and  AUotriomorphic  Inchisums,  and  (c)  Blue-Pink 
and  Idiamorphic  Inclusions. 

Quite  frequently,  allotriomorphic  pink  inclusions,  quite  different 
in  colour  and  morphology  from  titanium  cyano-nitride,  have  been 
observed  in  certain  pig  irons  and  cast  irons.  These  inclusions, 
while  being  predominantly  pink,  were  observed  to  have  a  faint 
bluish  tinge,  in  contrast  to  the  definite  red  appearance  of  the 
titanium  cyano-nitrides.  Again,  examination  between  crossed 
nicols  under  polarised  light  revealed  these  inclusions  to  be  aniso- 
tropic— titanium  cyano-nitride  is  isotropic.  They  stand  up  in 
relief  from  the  metallic  matrix,  and  on  this  account  it  was  difficult, 
at  first,  to  detect  any  optical  anisoftropy,  owing  to  the  elliptically 
polarised  light  produced  by  reflection  at  larse  angles  of  azimuth 
at  the  curved  edges  of  the  inclusions.  (A  full  description  of  their 
colour  and  optical  properties  is  given  later  in  this  paper  when 
experiments  which  produced  them  synthetically  are  described.) 
The  analyses  of  these  samples  were  then  carefully  examined  and 
it  was  found  that  they  all  had  the  following  characteristics :  A 
low  manganese /sulphur*  ratio  and  small  amounts  of  titanium.  In 
every  case  the  manganese  content  was  insufficient  to  balance  the 
sulphur  content  according  to  the  formula  :  ^^ 

Mn  %  =  (1-7  X  S%)  -f  0-3. 

An  example  of  a  group  of  these  inclusions  is  shown  in  Fig.  37. 
This  micrograph  was  taken  from  a  pig  iron  having  the  following 
analysis : 

.  1-42% 
.  0-21% 
.    004% 

Inclusions  of  this  type  have  been  classified  as  those  of  Group  11.(6). 

Also  present  in  this  sample  were  a  number  of  perfectly  idiomorphic 
inclusions  of  exactly  the  same  colour  and  optical  properties  as 
the  allotriomorphic  blue-pink,  inclusion^just  described.  These 
inclusions  have  been  classified  here  as  those  of  Group  II.  (c).  An 
example  of  the  idiomorphic  blue-pink  inclusions  is  shown  in  Figs.  38 
and  39. 

With  regard  to  the  allotriomorphic  blue-pink  inclusions,  it  was 
observed  that  they  occurred  in  a  characteristic  formation  consisting 
of  groups  of  parallel  lamellae,  with  each  lamelK  tending  to  become 
bulbous  at  the   extreme  ends.    This  morphology  is  illustrated 
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particularly  well  in  Fig.  40,  which  was  taken  from  a  blast-fumaoe 
bear  sample  having  the  following  analysis  : 

Manganese.  Sulphd^.  Titanium. 

011%  0024%  007% 

When  the  lamellar  allotriomorphic  blue-pink  inclusions  in  the 
pig-iron  sample  were  examined  at  a  very  high  magnification,  it 
was  observed  that  the  lamellae  appeared  to  be  in  process  of  breaking 
up  and  that  they  were  not  always  continuous.  This  is  illustrated 
in  Mg.  41. 

The  occurrence  of  these  inclusions  in  titaniferous  irons  con- 
taining insufficient  manganese  to  balance  the  sulphur  suggested 
them  to  be  probably  titanium  sulphide,  and  it  is  useful  at  this 
stage  to  consider  the  available  literature  pertaining  to  the  presence 
of  titanium  sulphide  in  ferrous  alloys.  Portevin  and  Castro  ***^ 
observed  that  additions  of  titanium  (0-5-1 -0%)  caused  the  sulphide 
phase  in  steels  to  change  appreciably,  giving  irregular  particlA, 
harder  and  less  deformable  than  manganese  sulphide.  These 
inclusions,  the  investigators  say,  are  pale  pink  in  colour  and  from 
this  point  of  view  are  difficult  to  distinguish  from  titanium  cyano- 
nitride,  but  they  are  anisotropic.  The  analyses  of  the  steel  samples 
used  by  Portevin  and  Castro  were  : 

No.  2.  No.  7. 

Carbon         ....      0080%         0-36% 

Silicon 

Manganese 

Titanium 


Sulphur 
Phosphorus 


0-28%  0-46% 

0-30%  016% 


0-9%  0-24% 

0016%         0016% 
0020%         0016% 


It  is  seen  that  there  was  insufficient  manganese  in  these  steels 
to  ensure  complete  neutralisation  of  the  sulphur  in  the  form  of 
manganese  sulphide. 

Blair  and  Shimer,^^**  when  investigating  cast  iron  prepared 
from  titaniferous  materials,  observed  a  sulphide  which  they  isolated 
chemically.  The  product  had  a  bronze  colour  and  gave  the  following 
analysis : 

Titaniam.  Tron.  Carbon.  SulpLur. 

62-82%  1-82%  9-82%  22-64% 

» 

Portevin  and  Castro  suggest  that  this  substance  may  be  re- 
garded as  a  titanium  sulphide,  more  or  less  contaminated  with 
carbide. 

Hanemann  and  Schrader**^*  (loc.  cit.y  No.  4,  Table  31)  have 
recorded  a  "  rare  constituent,**  similar  in  morphology  to  the  allo- 
triomorphic blue-pink  inclusions  previously  described,  which  they 
suggest  might  be  titanium  sulphide.  It  is  interesting  to  note  that 
the  iron  containing  the  inclusion  shown  by  Hanemann  and  Schrader 
has  just  insufficient  manganese  (actually  0*44%)  to  balance  the 
1941— i  -  Q 
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sulphur   (actually   0-10%)   aocording  to  the'  formula :    Mn%  = 
(1-7  X  S%)  +  0-3,  and  that  the  iron  contains  002%  of  titanium. 

Urban  and  Chipman  ^*®  found  that  the  addition  of  1«26%  of 
titanium  to  a  synthetic  alloy  containing  0*15%  of  sulph^ir  removed 
all  the  iron  sulphide. 

According  to  Mellor^^^  titanium  sulphide,  TiS,  is  a  reddish  solid 
with  a  metallic  appearance  greatly  resembling  bismuth. 

Since  the  facts  available  in  the  literature  seemed  to  confirm  the 
supposition  that  the  blue-pink  inclusions  were  probably  titanium 
sulphides,  it  was  decided  to  attempt  to  produce  these  inclusions 
artificially. 

Melt  No,  1. — For  this  purpose  Anhco  iron  was  heated  with 
sugar  charcoal  until  it  melted  and  gave  a  white  iron  of  approximately 
3%  total  carbon  content.  The  iron  was  then  treated  while  molten 
with  iron  sulphide  to  give  approximately  0-5%  of  sulphur.  This 
base  metal  was  cast  into  small  pi^  and  broken  up  for  subsequent 
malting.  A  quantity  of  150  g.  of  the  base  iron  was  then  melted 
in  a  small  Silit-rod  crucible  furnace  and  as  much  ferro-carbon- 
titanium  as  possible  was  dissolved  in  the  melt.  Any  excess  ferro- 
carbon-titanium  was  removed  from  the  surface  of  the  metal  by 
skimming;  the  crucible  was  then  removed  from  the  furnace  and 
allowed  to  cool  in  air.  The  small  ingot  so  pbtained  was  fractured 
from  top  to  bottom.  The  fracture  was  white  with  a  few  specks  of 
grey.  The  composition  of  the  product  was  sulphur  0-465%  and 
titanium  0*41%.  The  microscopic  examination  of  the  ingot 
showed  the  presence  of  a  large  number  of  allotriomorphic  blue- 
pink  inclusions,  which  exhibited  exactly  the  same  optical  properties 
as  those  inclusions  described  previously.  Generally,  the  pink 
inclusions,  which  may  be  tentatively  termed  titanium  sulphide, 
were  surrounded  by  a  constituent  resembling  iron  sulphide,  but 
which  actually  was  slightly  darker,  almost  grey  in  colour,  and 
which  did  not  light  up  under  polarised  light  between  crossed 
nicols. 

It  would  seem  that  this  latter  constituent  is  iron  sulphide  con- 
taining dissolved  titanium  (sulphide),  and  its  etching  properties 
were  compared  with  those  of  iron  sulphide  in  the  following  manner  : 
Micro-specimens  from  the  high-sulphur  carburised  Armco-iron  pigs 
and  from  the  titanium-treated  crucible  melt  were  etched  together 
in  a  1%  aqueous  oxalic  acid  solution.^^*  After  IJ  min.  immersion, 
in  this  solution  at  a  temperature  of  18-5°  C,  the  iron  sulphide  in 
the  blank  specimen  was  completely  etched  away,  while  the  greyish 
constituent  in  the  titaniferous  melt  was  completely  unattacked. 
Even  after  6  min.  immersion  in  this  etching  reagent,  neither  the 
pink  nor  the  grey  constituents  were  attacked. 

Further  examination  of  the  specimen  at  this  stage  gave  the 
impression  that  all  the  iron-sulphide-rich  component  was  not  of  the 
same  colour.  Some  had  a  khaki  tinge,  while  the  rest  had  a  grey 
coloration,  and  it  was  found  that  etching  in  a  solution  of  ethyl 
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alcohol  saturated  with  stannous  chloride  ^^^^  for  20  min.  heightened 
the  contrast  between  the  grey  and  khaki  components.  By  heat- 
tinting  it  was  not  found  possible  to  differentiate  between  the  grey 
and  khaki  parts — ^they  both  went  deep  purple,  typical  of  iron-sul- 
phide-rich inclusions.  Micrographs  showing  t3rpical  formations  of 
the  allotrtomorphic  blue-pink  and  the  grey-khaki  inclusions  are  given 
in  Figs.  42  and  43. 

Now  that  it  was  known  that  the  blue-pink  inclusions  could  be 
produced  synthetically,  it  was  decided  to  determine  the  effect  of 
increasing  the  manganese  content  of  an  iron  originally  containing 
these  inclusions.  To  do  this  the  following  experiment  was  carried 
out.  * 

Melt  No.  2. — Sixty  poimds  of  Swedish  white  iron  were  melted 
in  an  indirect  rocking  arc  furnace.  When  the  metal  was  molten, 
6i  oz.  of  iron  sulphide  were  added,  stirred  in,  and  then  1-2  in.  dia. 
bar  No.  1  was  poured ;  14  J  oz.  of  ferro-carbon-titanium  were  added, 
the  metal  was  reheated  and  then  bar  No.  2  was  poured.  This 
operation  was  repeated  for  additions  of  1  lb.  3^  oz.  and  2  lb.  7  oz. 
of  ferro-carbon-titanium,  and  for  additions  of  2f  oz.,  5}  oz.  and 
11  oz.  of  80%  ferro-manganese,  giving  seven  1-2  in.  dia.  bars  in 
all.  The  chemical  analyses  and  the  t3rpes  of  inclusions  found  are 
indicated  in  Table  IE. 


Table  U. — Effect  of  Titanium  and  Manganese  Additions  to  an  Iron 

Containing  Iron  Sulphide, 


Bar 
No. 

iln. 

9. 

o/ 

O.' 

Inolosions  Present. . 

1 

•  •  • 

•  •  . 

•  •  • 

Iron  sulphide. 

2 

•  •  . 

0172 

005 

Iron  sulphide  and  titanium  sulphide  detected. 
Iron  sulphide  and  trace  of  allotriomorphic 

3 

•  •  • 

0162 

006 

titanium  sulphide. 

4 

... 

0166 

016 

Iron  sulphide  and  large  amounts  of  aUotrio- 
morphic  and  iodomorphic  titanium  sulphide. 

6 

0-39 

0160 

015 

Large  amounts  of  manganese  sulphide  and 
titanium  sulphide,  as  No.  4. 

6 

0-96 

01 45 

013 

Fairly  large  amounts  of  manganese  sulphide. 
Trace  of  titanium  carbide. 

7 

1-89 

0071 

010 

Manganese  sulphide.  Trace  of  titanium 
cyano -nitride. 

The  results  given  definitely  indicate  that  additions  of  titanium 
to  an  iron  containing  iron  sulphide  results  in  the  formation  of  a 
titanium  sulphide  and  that  manganese  has  a  great^  affinity  for 
sulphur  than  has  titanium.  Additions  of  manganese  to  an  iron 
containing  titanium  sulphide  cause  the  disappearance  of  this  con- 
stituent, until,  when  sufficient  manganese  is  present  to  balance  the 
sulphur,  only  manganese  sulphide  occurs.  The.  fact  that  with 
increasing  titanium  contents  in  the  above  series,  the  allotriomorphic 
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form  of  titanium  sulphide  occurred  first  and  was  followed  by  the 
idiomorphic  form  in  the  bar  with  the  highest  titanium  content, 
suggests  that  the  former  probably  remained  dissolved  until  at 
least  some  of  the  metal  was  solid,  and  that  the  latter  is  a  primary 
form  which  is  deposited  from  the  liquid. 

Having  determined  the  mode  of  occurrence  of  titanium  sulphide 
formed  by  the  addition  of  titanium  to  irons  containing  free  iron 
sulphide,  it  was  decided  to  try  to  prepare  this  constituent  by 
the  addition  of  iron  sulphide  to  titaniferous  pig  irons.  Two  pig 
irons  were  chosen  for  this  and  a  series  of  melts  was  made  for  each 
pig  iron  with  increasing  additions  of  iron  sulphide. 


Table  ITl.— Effect  of  Iran  Sulphide 


No. 

Ohaige. 

Mn. 

S. 

n. 
%. 

V. 

%. 

Fracture. 

MaiuniMM 
Sulphide. 

3 

100  g.  pig  iron,  0-55 
g.  FeS 

0-79 

0-146 

0-29 

0-53 

• 

Very  fine  grey 

Fif 

Cryitala 

4 

93  g.  pig  iron,  I'B 
g.  Pes 

•  «  • 

•  •• 

«•• 

•  •• 

Slightly    coarser 
than  No.  3 

Orystalfl 

5 

140  g.  pig  iron,  3  g. 
FeS 

0-79 

0-462 

013 

0-62 

• 

Slightly    coarser 
than  No.  4 

Large  amounts 

6 

160  g.  pig  Iron,  4  g. 
FeS 

•  •• 

•  •• 

•  •  • 

•  •• 

Similar  to  No.  6 

Do.    . 

7 

1 60  g.  pig  iron,  6  g. 

FeS 

U-67 

0-501 

0-10 

0-49 

Patches  of  coarse 
and  fine  grey 

Jjarge  amounts  in 
dendrites 

8 

1 60  g.  pig  iron,  6  g. 
FeS 

«■• 

•  ■  • 

•  •  • 

•  •  • 

Similar  to  No.  7 

Large  anoouuts 

9 

160g.  pig  iron,  7g. 
FeS 

0-47 

0-494 

o-(y4 

0-41 

Similar  to  Nos.  7 
and  8 

Do. 

10 

160  g.  pig  iron   10 
g.  FeS 

0-33 

0-331 

0-(»8 

0-43 

Coarse  grey 

Fairly          large 
amount 

11 

126g.  pig  iron,  12-6 
g.  FeS 

0-14 

0-947 

0-08 

0-33 

White  with  grey 
rim 

Not  present 

12 

146  g.  pig  iron,  0-6 
g.  FeS 

1-10 

0-183 

0-10 

•  •  • 

Fine  grey 

Fif 

Fair  amounts 

13 

140  g.  pig  iron,  1  g. 
FeS 

•  •  • 

•  »• 

•  •  • 

•  •  • 

Do. 

MorethanNo.  12 

14 
16 

168  g.  pig  iron,  6  g. 

148g.  pViron,  6g. 
FeS 

0-76 

>  •« 

0-329 

•  •  • 

0-06 

•  •• 

•  •  • 

Slightly  coarser 
Coarse  grey 

As  No.  13 
Do. 

16 

149  g.  pig  iron,  7  g. 
FeS 

0-66 

0-281 

0-03 

•  •• 

Do. 

Less  than  No.  IS 

17 

145  g.  pig  iron,  9  g. 
FeS 

0-52 

0-391 

0-06 

•  •  • 

Mottled 

Not  present 
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MeUs  Naa.  3-17. — ^The  two  pig  irons  used  for  these  series  had 
the  following  compositions : 


T.O. 

Si. 

Mn. 

%. 

%. 

%. 

Pig  iron  A 

400 

2-60 

MO 

Pig  iron  B 

3-6 

206 

1-57 

S. 

P. 

Ti. 

V. 

o/ 

o/ 

o/ 

O.' 

/©• 

/O* 

/o* 

/O* 

... 

•  •  • 

0-60 

0-50 

•058 

104 

0-23 

007 

For  each  melt,  100-160  g.  of  the  pig  iron  were  melted,  and  when 
molten  the  iron  sulphide  was  added.  The  furnace  employed  was  the 
Silit-rod  fiimace,  as  used  for  melt  No.  1.  After  the  iron  sulphide 
addition,  the  metal  was  vigorously  stirred  with  a  silica  tube ;   the 


Addiiiana  to  Two  Pig  Irons. 


Titaniam 
Carbide. 

Vanadiom 
Carbide. 

Titanium 

Sulphide, 

AUotriomorphic. 

Titanium 

Sulphide, 

Idiomorphic. 

Iron  Sulphide, 
Titaninm 
Sulphide. 

IraaA. 

Large  amounts 

ButecUc-like 
groups 

Not  present 

Not  present 

Not  present 

Do. 

Do. 

Trace 

Do. 

Do. 

FrwcTTBtals 

Do. 

Etttectio-Uke 
groups  of  spots 
and  lamellte 

Large  crystals 

Do. 

Do. 

Do. 

Do. 

Lamellar      idio- 
morphic    cry- 
staid 

Do. 

Traces 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

*               • 

None  present 

Do. 

Do. 

• 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Traces 

Do. 

Not  present 

Not  present 

Not  present 

Large  amounts 

Iraa  B. 

Large          cubic 
crystals 

Trace 

Not  present 

Not  present 

Not  present 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Trace 

Do. 

Do. 

Less  than  No.  14 

Do. 

Fair  amount 

Fair  amount 

Do. 

Very           small 
amount 

Do. 

As  No.  15 

As  No.  15 

Do. 

Not  preMnt 

Not  present 

Not  present 

Not  present 

Present  in  round 
blobs 
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metal  was  then  allowed  to  stand  in  the  furnace  for  a  few  minutes 
before  the  crucible  was  withdrawn  and  cooled  in  the  air.  No 
attempt  was  made  to  control  the  temperature.  Immediately 
the  iron  sulphide  was  added  to  the  metal  it  became  covered  with  a 
thick  solid  manganese  sulphide  slag,  which  was  not  removed. 
When  cold,  the  resulting  ingots  were  fractured  from  top  to  bottom. 
One  vertical  section  was  used  for  microscopical  examination  and 
the  bottom  part  of  the  other  was  drilled  for  chemical  analyses 
where  and  when  required.  The  ingots  were  drilled  at  the  bottom, 
because  the  microscopical  examination  indicated  segregation  to 
have  occurred  at  the  tops  of  the  ingots,  owing  to  the  upward  settling 
of  manganese  and  titanium  sulphides.  It  was  not  considered 
necessary  to  have  every  ingot  cnemically  analysed  and  only  a 
selection  was  used  for  this  purpose.  However,  the  chemical 
analyses  given  illustrate  the  general  trend  of  the  changes  in  com- 
position with  the  increasing  iron  sulphide  additions  (Table  m.). 

The  following  general  remarks  can  be  made  about  these  series 
of  melts.  With  increasing  additions  of  iron  sulphide,  the  manganese 
content  gradually  drops,  owing  to  the  upward  settling  of  manganese 
sulphide.  At  the  same  time  there  is  a  corresponding  drop  in  the 
titanium  contents,  while,  in  the  case  of  pig  iron  A,  the  vanadium 
contents  drop  only  very  slightly  from  the  first  to  the  last  melt  in 
this  series.  While  there  is  sufficient  manganese  to  balance  the 
sulphur  content  the  only  inclusions  present  are  manganese  sulphide, 
titanium  carbide  and  vanadium  carbide.  As  soon  as  the  manganese 
content  is  lower  than  the  value  of  (S%  X  1*7  +  0-3),  titanium 
sulphide  appears,  first  in  the  allotriomorphic  form,  then  in  the 
idiomorphic  form.  After  this  point,  the  titanium  carbide  is  suc- 
cessively replaced  by  the  idiomorphic  titanium  sulphide,  which 
floats  to  the.  surface  of  the  metal.  This  upward  settling  of  titanium 
sulphide  is  not  nearly  so  marked  as  that  of  manganese  sulphide. 
The  change  in  the  fracture  of  the  ingots  from  fine  to  coarse  was 
accompanied  by  a  corresponding  change  in  the  microstructure, 
from  supercooled  graphite  to  coarse  flake  graphite.  This  is  very 
interesting  in  view  of  the  known  effects  of  titanium  on  the  pro- 
duction of  supercooled  graphite,  but  it  is  impossible  to  tell  whether 
the  coarsening  effect  in  this  case  was  due  to  the  gradual  removal 
of  the  titanium  or  to  the  conversion  of  the  titanium  carbide  to 
titanium  sulphide. 

A  typical  example  of  the  allotriomorphic  titanium  sulphide  in 
these  series  is  shown  in  Figs.  44  and  45,  actually  taken  from  melt 
No.  10.  In  these  micrographs  it  would  appear  that  the  titanium 
sulphide  was  originally  lamellar,  but  at  some  later  time  spheroidisa- 
tion  took  place.  This  idea  is  further  emphasised  by  the  composite 
micrograph  in  Fig.  46,  taken  from  melt  No.  15,  showing  a  very 
long  streak  of  the  allotriomorphic  titanium  sulphide.  Spheroidisa- 
'  tion  appears  to  have  occurred  in  several  places.  In  the  early 
stages  of  the  removal  of  titanium  carbide,  this  constituent  fre- 
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quently  occurs  associated  with  allotriomorphic  titanium  sulphide. 
This  is  illustrated  in  Fig.  47,  taken  firom  melt  No.  14. 

In  the  case  of  the  idiomorphic  titanium  sulphide,  it  was  possible 
to  observe  its  morphology  and  optical  properties  much  more  easily 
than  previously.  Large,  well-formed  crystals  of  the  sulphide  were 
{present  in  melts  Nos.  5  to  10,  15  and  16.  These  crystals  have 
either  a  complex  lamellar  form  or  a  hexagonal  outline.  Typical 
lamellar  forms  are  shown  in  Figs.  48  and  49,  taken  from  melt 
No.  10.  The  hexagonal  form  is  illustrated  in  Fig.  50.  It  is  possible 
that  this  latter  form  is  merely  a  cross-section  of  the  lamellar  form. 

So  far  in  this  paper,  the  colour  of  the  titanium  sulphide  inclu- 
sions has  been  referred  to  as  blue-pink.  Actually,  thfs  constituent 
is  pleochroic,  and  its  colour  varies  from  blue  to  pink,  according  to 
its  position  relative  to  the  plane  of  polarisation  of  the  incident 
light.  There  is  no  need  to  use  a  polariser  in  the  microscope  train 
to  obtain  the  effect.  The  reflection  of  light  from  the  glass-slip 
vertical  illuminator  produces  enough  polarised  light  to  give  an 
easily  discernible  change  in  colour  on  rotating  the  stage  of  the 
microscope.  The  use  of  a  polariser  merely  increases  the  pleochroic 
colour  contrasts.  When  a  lamellar  idiomorphic  titanium  sulphide 
inclusion  is  arranged  parallel  to  the  plane  of  polarisation  of  the 
incident  light  it  appears  pink,  and  when  it  is  arranged  at  right 
angles  to  the  plane  of  polarisation  of  the  incident  light  it  appears 
li^t  blue.  Intermediate  positions  show  intermedial  colorations, 
but  the  pink  tends  to  predominate. 

When  a  lamellar  idiomorphic  titanium  sulphide  inclusion  is 
examined  imder  polarised  light  between  crossed  nicols,  it  lights  up 
and  extinguishes  four  times  for  a  complete  revolution  of  the  micro- 
scope stage.  Extinction  occurs  when  the  length  of  the  inclusion 
is  parallel  to  either  the  plane  of  polarisation  of  the  polariser  or  to 
the  plane  of  polarisation  of  the  analyser  nicol.  The  inclusion  lights 
up  in  positions  at  45^  to  these  directions.  The  behaviour  of  titanium 
sulphide  when  viewed  under  plane  polarised  light  and  under  polarised 
light  between  crossed  nicols  is  summarised  in  the  diagram  shown 
in  Fig.  2. 

The  planes  of  polarisation  of  the  polariser  and  analyser  nicols 
are  represented  by  the  diametric  lines  PP'  and  AA\  respectively. 
The  behaviour  of  the  inclusion  when  rotated  between  crossed 
nicols  is  given  in  the  outer  circle.  For  instance,  when  the  inclusion 
lies  parallel  to  PP'  or  AA',  it  is  in  positions  of  extinction,  but 
when  in  the  position  ZZ'  or  XX'  it  lights  up.  The  next  circle 
refers  to' the  pleochroic  colorations  obtained  under  plane  polarised 
light  or  normal  vertical  illumination.  When  the  inclusion  is 
parallel  to  PP*  it  appears  pink,  and  when  at  right  angles  to  this 
it  appears  blue.  The  curved  arrows  in  the  inner  circle  refer  to 
movements  of  the  analyser  nicol  from  the  crossed  position,  and 
the  letters  by  them  refer  to  the  colorations  produced  in  the  inclusion 
by  such  a  movement  of  the  analyser ;  the  letter  B  indicates  a  blue 
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ooloration,  and  the  letter  P  a  pink  ooloration.  For  instance,  when 
the  inclusion  lies  in  its  position  of  maximum  brightness,  parallel  to 
XX\  a  slight  clockwise  rotation  of  the  analyser  gives  a  pink  colora- 
tion, and  an  anti-clockwise  rotation  a  blue  coloration.  If  the 
stage  is  now  rotated  through  180°,  exactly  the  same  colorations 
are  obtained  for  the  same  movements  of  the  analyser.  If,  how- 
ever, the  stage  is  rotated  through  90°,  so  that  the  inclusion  now 
lies  parallel  to  ZZ\  then  a  slight  clockwise  rotation  gives  a  blue 
coloration,  while  an  anti-clockwise  rotation  gives  a  pink  coloration. 
When  the  inclusion  lies  parallel  to  the  plane  of  polarisation  of  the 
incident  light,  PP\  then  both  clockwise  and  anti-clockwise  rotations 
of  the  analyser  give  pink  colorations,  and  when  it  lies  parallel  to 
the  plane  of  polarisation  of  the  anal3rBer  blue  colorations  are 


Fio.  2. — Diagrammatic  Representation  of  the  Optical  Properties  of 

Titanium  Sulphide  Inclusions. 


obtained.  All  these  optical  efifects  can  be  observed  much  more 
distinctly  with  an  oil-immersion  objective  than  with  a  dry  objective. 

The  optical  properties  of  the  titanium  sulphide  described  above 
appear  to  constitute  a  very  delicate  test  for  this  inclusion,  and,  as 
far  as  is  known  at  present,  they  have  never  heen  described  in  the 
literature  before. 

When  an  idiomorphic  titanium  sulphide  crystal  with  a  hexagonal 
outline  is  examined  under  polarised  light  between  crossed  nicols, 
it  remains  dark  for  all  positions  of  the  stage,  and  under  plane 
polarised  light  no  pleochroic  eflFect  can  be  observed — it  appears 
pink  for  all  positions  of  the  inclusion  relative  to  the  plane  of  polarisa- 
tion of  the  incident  light.  These  facts  further  support  the  view 
given  above,  that  the  hexagonal  crystals  are  probably  cross- 
sectional  views  of  the  idiomorphic  lamellar  titanium  sulphide, 
since  tetragonal  and  hexagonal  crystals  are  singly  refractive  in 
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the  directions  of  their  principal  crystallographio  axes,  and  rhombic, 
monoclinic  and  triclinic  crystals  are  singly  refractive  in  one  or 
the  other  of  the  two  optical  axes.  Of  course,  these  facts  only 
apply  to  transparent  sections,  but  the  implications  of  these  observa- 
tions are  that  the  idiomorphic  titanium  sulphide  crystals  are 
prisms  of  hexagonal  form,  and  the  hexagonal  nature  of  the  crystals 
is  only  revealed  in  the  comparatively  rare  cases  when  the  polished 
surface  of  the  specimen  cuts  cross-sections  of  the  prisms. 

Melt  No.  Iz  showed  complex  formations  of  vanadium  carbide, 
titanium  sulphide  and  iron  sulphide  rich  in  titanium  and  manganese 
sulphide.  The  vanadium  carbide  in  this  sample  frequently  occurred 
in  eutectic-like  patches  adjacent  to  eutectic-like  patches  of  the 
iron-sulphide-rich  constituent.  A  typical  example  of  this  is  shown 
in  Fig.  51.  Fig.  52  and  Fig.  53  illustrate  the  intimate  occurrence 
of  vanadium  carbide  with  manganese  sulphide,  and  of  titanium 
sulphide  with  manganese  sulphide.  Melts  Nos.  11  and  17  showed 
large  amounts  of  an  iron-sulphide-rich  constituent  which  was  not 
attacked  by  etching  for  5  min.  in  a  1  %  aqueous  oxalic  acid  solution, 
this  indicating  that  this  constituent  was  essentially  the  same  as 
the  khaki-grey  constituent  present  in  melt  No.  1.  Melt  No.  17, 
which  gave  a  mottled  fracture,  had  some  very  interesting  graphite 
formations.  The  graphite  was  arranged  in  very  thin  lamella 
around  the  lakes  of  •  cementite,  also  suggesting  that  it  was  the 
product  of  a  reaction  in  the  solid  state,  laical  micrographs  of 
these  graphite  structures  are  shown  in  Figs.  54  and  55.  Wells,  ^^^^ 
when  studying  graphitisation  in  high-purity  iron-carbon  alloys, 
found  graphite  precipitated  round  cementite  and  also  as  a  Wid- 
manstatten  graphite  pattern  in  cementite  in  annealed  white  irons. 
This  would  seem  to  imply  ^hat  melt  No.  17  solidified  white  and 
that  8(Ttne  of  the  cementite  decomposed  after  soHdification. 

Although  the  results  obtained  from  the  melts  so  far  described 
indicate  that  if  there  is  sufficient  manganese  to  balance  the  sulphur 
content  no  titanium  sulphide  will  be  visible,  one  example  has  been 
found  where  this  was  not  the  case;  this  was  a  15%  silicon  iron. 
A  charge  of  15  lb.  of  steel,  15  lb.  of  10%  ferro-silicon  and  20  lb.  of 
30%  ferro-silicon  was  melted  in  a  salamander  crucible,  using  a 
coke-fired,  forced-draught  furnace.  When  the  charge  was  molten, 
1  lb.  of  ferro-silicon-titanium  was  added,  and  when  this  was  dis- 
solved, carbon  dioxide  was  bubbled  through  the  melt  for  2  min. 
After  this  treatment,  four  test  blocks,  each  measuring  8  X  4J  x  1 J 
in.,  were  cast  on  to  a  chill  in  an  open  mould.  The  purpose  of  the 
titanium  and  carbon-dioxide  treatment  ^^^  was  to  give  the  iron  a 
supercooled  graphite  structure.  The  test  blocks  were  cast  at 
successively  lower  temperatures,  which  were  approximately  1450°, 
1375°,  1300°  and  1250°  C.  Chemical  analysis  of  .the  block  poured 
at  the  lowest  temperature  gave  the  following  figures  : 

Manganese.  Sulphur.  Titanium. 

0-64%  0045%  0-52% 
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It  is  seen  that  there  is  ample  manganese  to  balance  the  sulphur  in 
this  analysis,  when  the  formula  Mn%  =  (S%  X  1'7  +  0-3)  is  used, 
yet  microscopical  examination  revealed  the  complete  absence  of 
manganese  sulphide;  the  only  inclusions  present  were  titanium 
sulphide  and  titanium  carbide.  There  are  two  possible  reasons 
which  should  be  considered  in  trying  to  explain  this  anomaly  :  ■ 

(1)  It  is  probable  that  the  reaction  between  titanium 
sulphide  and  manganese  is  reversible  and  can  be  expressed  as 
follows  : 

TiS  -\-  Mn  ^  MnS  +  Ti.   . 

This  means  that  with  relatively  high  titanium  and  low  man- 
ganese contents,  the  reaction  will  proceed  towards  the  left, 
whereas  with  relatively  low  titanium  and  high  mcuoganese 
contents  the  reaction  will  tend  to  proceed  towards  the  right. 
Now,  in  the  chemical  analysis  given  above,  while  there  is  an 
excess  of  manganese  over  that  reqiured  to  balance  the  sulphur, 
the  excess  is  not  great.  It  should  also  be  noticed  that  the 
titanium  content  of  0*52%  is  considerably  higher  than  any 
encountered  in  the  melts  Nos.  2  to  17.  These  facts  should, 
if  the  above  reversible  reaction  is  assumed,  tend  to  cause  the 
,  reaction  to  proceed  towards  the  left,  that  is,  encourage  the 
formation  of  titanium  sulphide. 

(2)  The  sample  in  question  is  abnormal  in  the  sense  that 
it  is  a  15%  silicon  iron,  and  it  is  just  possible  that  high  silicon 
contents  tend  to  alter  the  relationships  between  manganese, 
sulphur  and  titanium. 

At  the  present  time  it  is  impossible  to  tell  which  of  these  factors 
was  the  cause  of  the  occurrence  of  titanium  sulphide. 

In  these  samples  it  was  possible  to  observe  the  effect  of  pouring 
temperature  on  the  morphology  of  the  titanium  sulphide  crystals. 
The  sample  poured  at  the  highest  temperature  had  typically  lamellar 
idiomorphic  crystals  (Fig.  56)  and  the  cold-poured  sample  had  much 
smaller  and  very  compact  crystals  (Fig.  57).  There  were  many 
more  crystals  of  the  sulphide  in  the  cold-poured  sample  than  in 
the  hot-poured  one.  In  order  to  determine  this  definitely,  the 
samples  were  examined  at  a  magnification  of  1500,  the  image 
being  projected  on  to  a  ground-glass  screen  (the  area  visible  in 
this  way  is  referred  to  as  a  imit  field),  and  the  number  of  inclusions 
per  unit  field  was  counted  as  the  specimen  was  slowly  moved 
under  the  objective.  Two  hundred  unit  fields  were  counted  and 
the  average  numbers  of  inclusions  per  unit  field  were  calculated 
for  both  the  hot-  and  the  cold-poured  sample,  giving  a  value  of 
0-074  for  the  ibrmer  and  0-470  for  the  latter.  These  results  still 
further  support  the  view  that  the  idiomorphic  titanium  sulphide  is 
a  primary  form  which  is  precipitated  from  the  liquid  iron,  since 
Norbury^^®*  has  clearly  demonstrated  that  primary  dendrites  in 
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oast  iron  become  smaller  and  more  numerous  with  decreasing 
pouring  temperature. 

Group  III. — White  or  Faint  Grey  Indiiaions. 

(a)  Idiomorphic  Indttsiona,  and  (b)  Allotriomorphic  Inclusions, 

The  inclusions  belonging  to  these  sub-groups  appear  in  all  titani- 
ferous  irons  and  in  irons  containing  vanadium.  Hofmann  and 
Schrader*^^  observed  that  alloying  lerro-titanium  with  cast  iron 
produced  a  hard,  cubic,  greyish- white  structural  **  constituent.*' 
This  was  separated  from  the  alloy  by  solution  of  the  iron  in  cold 
dilute  hydrochloric  acid  and  recognised  as  titanium  carbide  by 
X-ray  analysis.  Usually,  titanium  carbide  occurs  in  the  form  of 
cubic  crystals  (Figs.  50  and  56),  but  occasionally  it  occurs  in  an 
allotriomorphic  form  (Figs.  58  and  59).  This  latter  form  occurs 
most  firequently  ip  titaniferous  irons  containing  very  small  amounts 
of  vanadium.  For  instance,  the  pig  iron  from  which  the  micro- 
graphs in  Figs.  58  and  59  were  taken  had  the  following  analysis  : 


Total  carbon  . 
Silioon   . 
Manganese 
Sulphur 


3-8% 
1-64% 

0-76% 
0033% 


Phosphorus 

Titanium 

Vanadium 


.     0-038% 
•.     015% 
.     002% 


Both  titanium  carbidp  and  vanadium  carbide  ^^*  have  (fubic 
crystal  structures,  and  in  irons  containing  both  titanium  and 
vanadium  these  two  carbides  appear  to  crystalhse  isomorphously 
or  to  yield  solid  solutions.  The  pig  iron  used  for  melts  Nos.  3  to 
11,  in  the  previous  section  of  this  paper,  contained  0-60%  of  titanium 
and  0-50%  "of  vanadium,  and  its  microstructure  showed  hard  cubic 
crystals  apparently  all  of  the  same  type. 

The  number  of  titanium  carbide  crystals  present  in  irons  of 
different  cross-sectional  dimensions  varies  inversely  as  the  cross- 
section  for  irons  with  the  same  titanium  content.  This  was  proved 
by  the  following^ experiment :  A  charge  of  45  lb.  of  pig  iron  and 
15  lb.  of  steel  was  melted  in  a  salamander  crucible,  using  a  coke- 
fired,  forced-draught  furnace.  The  pig  iron  had  the  following 
composition : 


Total  carbon  . 

.     404% 

Sulpliur 

.     0010% 

Silicon   . 

.     219% 

Phosphorus     . 

.     0048% 

Manganese 

.      110% 

Titanium 

.     006% 

When  the  charge  was  molten,  a  set  of  standard  test  bars,  0-6  in., 
0-875  in.,  1-2  in.,  1-6  in.  and  2-1  in.  in  dia.,  were  cast,  having  the 
lengths  10  in.,  14  in.,  21  in.,  21  in.  and  27  in.,  respectively.  Each 
of  tiiese  bars  was  broken  in  transverse,  and  metallographic  samples 
were  taken  from  the  bars  at  the  points  of  fracture,  that  is,  approxi- 
mately half-way  along  the  original  bars.  The  micro-specimens 
were  then  examined  with  a  2-mm.  oil-immersion  objective,  using  a 
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10  X  eye-piece  at  a  magnification  of  1676  diameters.  The  number 
of  titanium  carbide  and  titanium  nitride  inclusions  per  unit  field 
was  counted  for  two  hundred  fields  and  the  average  number  of 
these  inclusions  per  unit  field  was  then  calculated  for  each  bar. 
The  titanium  content  of  these  bars  was  0-05%.  The  results  of 
the  inclusion  counts  are  given  in  Table  IV.  and  in  Fig.  3. 

Table  IV. — Effect  of  Teat-Bar  Diameter  on  the  Number  of  Titanium 
Carbide  and  Titanium  Cyano-Nitride  Induaiona. 


Diameter  of  Test  Bar  : 

21  in. 

1-6  in. 

1-2  in. 

0-876  in. 

0-6  in. 

Number  of  titanium  carbide  inclu- 
sions per  unit  field 

Number  of  titanium  cyano -nitride  in- 
clusions per  unit  field  . 

Total  number  of  titanium  inclusions 
per  unit  field        .... 

0*385 
0130 

0-515 
0165 

0-645 
0-230 

0-925 
0-170 

1-195 
0-316 

0-616 

0*680 

0*875 

1-095 

1-610 

This  variation  of  the  number  of  titanium  carbide  crystals  with 
the  test-bar  diameter  may  seem  strange  at  first,  but  it  should  be 

remembered  that  such  a  variation 
is  the  general  rule  for  the  con- 
stituents of  the  cast-iron  micro- 
structure.  For  instance,  in  grey 
irons  smaller  sections  show  finer, 
•  and  hence  more  numerous,  graphite 
fiakes,  and  for  a  given  area  of 
pearlite  the  number  of  oementite 
lamellse  will  tend  to  increase.  It 
is  interesting  to  note  that  varia- 
tions in  test-bar  diameter  have 
much  less  effect  on  the  number 
of  titanium  cyano-nitride  crystals 
than  on  the  number  of  titanium 
carbide  crystals. 

With  increasing  titanium  con- 
tents   the    number    of    titanium 
carbide  crystals  increases,  as  also 
does   the   size    of   the   individual 
crystals.    The  results  of  inclusion 
counts  illustrating  the   combined 
effects   of   variations   in   test-bar 
diameter  and  titanium  content  on 
Fio.  3. — Effect  of  Test-Bar  Diameter  the   number   of  titanium    carbide 
on    the    Number    of    Titanium  g^nd  cyano-nitride  crystals  are  given 
Carbide    and    Titamum    Cyano-  m  ui      \7       ^a    «««    ni,,«4-^««4-.rwi 

Nitride  Inclusions  in  Iron^on-  ^^    Table   V.    and   are  illustrated 

taining  0-05%  of  Titanium.  graphically  m  Figs.  4  to  6. 
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Table  V. — The  Combined  Effects  of  Test-Bar  Diameter  and  Titanium 
Content  on  the  Number  of  Titanium  Carbide  and  Titanium 
CyanO'Nitride  Induaiona, 


Titanium: 

0-06%. 

007%. 

Test-Bar  Diameter : 

21  in. 

1-6  in. 

1-2  in. 

2-1  in. 

1*6  in. 

1-2  in. 

Number  of  titanium  cyano- 

nitride  inclusions 
Number  of  titanium  carbide 

inclusions 

Total  number  of  titanium  in- 
clusions   .... 

0130 
0-385 

0-165 
0-616 

0-230 
0-645 

0-67 
0-96 

0-606 
M46 

0-66 
1-306 

0-615 

0-680 

0-875 

1-53 

1-760 

1-866 

Titanimn: 

0-096%. 

0-106%. 

Test-Bar  Diameter : 

^lin. 

1-6  in. 

1-2  In. 

2-1  in. 

1-6  in. 

1-2  in. 

Number  of  titanium  cyano - 

nitride  inclusions 
Number  of  titanium  carbide 

inclusions 

Total  number  of  titanium  in- . 
elusions    .... 

0-76 
1-32 

0-68 
1-596 

1-21 
2-47 

0-606 
1-916 

0-426 
2-405 

0-22 
3-61 

208 

2-276 

3-68 

2-42 

2-83 

3-83 

The  higher  titanium  contents  were  obtained  by  the  addition  of 
4  oz.,  6  oz.  and  8  oz.  of  ferro-silicon-titanium  to  charges  of  pig  iron 
and  steel,  as  used  for  the  first  member  of  the  series.  It  is  seen 
that  the  number  of  titanium  cyano-nitride  crystals  does  not  vary 
uniformly,  as  does  the  number  of  titanium  carbide  crystals.  This 
is  to  be  expected,  since,  for  a  given  titanium  content,  the  number 
of  titanium  cyano-nitride  crystals  must  be  a  function  of  the  nitrogen 
content  of  the  metal,  and  it  was  not  possible  to  control  this  factor 
during  these  experiments. 

The  equilibrium  diagrams  given  by  Tofaute  and  Biittinghaus  <^ 
for  the  ternary  system  iron-carbon-titanium  indicate  titanium 
carbide  to  be  appreciably  soluble  in  austenite  and,  for  hypo- 
eutectic  alloys,  completely  soluble  in  molten  iron.  The  following 
experiment  was  carried  out  in  an  attempt  to,  determine  whether 
the  solubility  of  titanium  carbide  in  austenite  could  be  detected  by 
inclusion  counts  for  the  temperature  range  800-1000°  C.  To  do 
this,  sections,  each  2  cm.  long,  were  cut  from  a  0'875-in.  dia.  bar, 
containing  0-06%  of  titanium,  and  each  section  was  annealed  for  1  hr. 
at  a  constant  temperature  and  quenched  in  water.  The  samples 
were  cross-sectioned  and  polished,  and  the  number  of  titanium 
carbide  and  titanium  c3rano-nitride  crystals  was  counted,  using  the 
same  method  as  for  the  other  experiments  in  this  part  of  the  paper. 
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Fia.  4. — Combined  Effects  of  Varia- 
tions in  Test -Bar  Diameter  and 
Titanium  Ck)ntent  on  the  Number 
of  Titanium  Carbide  Crystals. 
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Fio.  6. — Combined  Effects  of  Varia- 
tions in  Test -Bar  Diameter  and 
Titcmium  Content  on  the  Number  of 
Titanium  Cyano -Nitride  Inclusions. 


Fio.  6. — Combined  Effects  of  Varia- 
tions in  Test-Bar  Diameter  and 
Titcuiium  Content  on  the  Total 
Number^  of  Titcmium  Inclusions. 


0  05  0/0 

Fftdnfym   %. 


TNTCLUSIONS  IN  CAST  IRONS  AND   PIG  IRONS. 


239  P 


The  results  obtained  are  given  in  Table  VI.  and  graphically  in 
Pig.  7.  While  it  is  impossible  to  deduce  anything  very  definite 
from  these  results,  they  do  seem  to  indicate  a  slight  decrease  in 
the  number  of  titanium  carbide  crystals  on  raising  the  temperature 
from  825°  to  1000°  C. 

Table  VI. — Effect  of  Quenching  Temperature  on  the  Number  of 
Titanium  Carbide  and  Titanium  Cyano-Nitride  Inclusums. 


Temp. 
•0. 

Average  Number  of  Inclasiona  per  Unit  Field. 

Tie. 

Tf,(C,N),. 

TIC  +  Ti,(C.N),. 

1000 
975 
950   » 
^  925 
900 
875 
850 
825 

0-855 

0-62 

0-67 

1055 

102 

116 

1-27 

1-22 

0145 

0-31 

0-295 

019 

0-16 

0-225 

0-225 

0145 

1-00 

0-93 

0-965 

1-245 

1-18 

1-385 

1-495 

1-365 

It  would  appear  that  the  number  of  titanium  cyano-nitride 
crystals  remains  constant  over  this  temperature  range.    The  solu- 
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Fio.  7. — Detection  of  Solubility  of  Titanium  Carbide  in  Austenite  by 

Inclusion  CJounts. 

tion  of  the  titanium  carbide  would  be  very  difficult  to  observe 
with  higher  titanium  contents,  because  the  decrease  in  size  of  the 
crystals  consequent  on  the  solution  of  the  carbide  would  not  be 
sufficient  to  eflfect  a  measurable  decrease  in  the  number  of  crystals. 
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The  results  of  the  inclusion  counts  presented  so  far  in  this 
paper  must  be  recognised  as  having  Uttle,  if  any,  quantitative 
significance ;  they  indicate  only  the  general  tendencies  with  regard 
to  the  behaviour  of  titanium  carbide. 

Oroup  I V. — InduaioTis  Produced  by  Alloying  unth  Zirconium, 

Zirconium  is  rarely  added  to  cast  iron,  but  its  effects  can  be 
conveniently  dealt  with  here,  since  the  element  itself  shows  con- 
siderable chemical  similarity  to  titanium.  Furthermore,  the 
inclusions  introduced  into  cast  iron  by  zirconium  in  many  ways 
resemble  those  introduced  by  the  presence  of  titanium  ^nd,  in  at 
least  one  case,  the  two  elements  combine  together  to  give  a  complex 
constituent.  Nearly  all  cast  irons  contain  small  amounts  of 
titanium,  and  so  the  effects  of  zirconium  additions  to  cast  irons 
are  indissolubly  associated  with  the  effects  of  any  titanium  which 
is  present. 

There  is  practically  no  information  in  the  literature  on  the 
precise  effect  of  zirconium  on  the  microstructure  and  inclusions  of 
cast  iron.  However,  there  is  some  published  information  on  the 
effect  of  this  element  on  the  inclusions  in  steels,  and  it  is  useful 
here  to  consider  a  brief  review  of  this  work.  Feild  ^^^  found  that 
when  deoxidising  steel  with  silicon-zirconium,  a  considerable  pro- 
portion of  the  zirconium  was  lost — ^the  average  yield  of  zircomum 
was  69-7%,  while  that  of  silicon  from  the  same  additions  was  97%. 

This  investigator  claimed  that  zirconium  combined  with  oxygen, 
nitrogen  and  sulphur  in  the  order  given,  and  he  was  able  to  show 
that  zirconium  additions  'resulted  in  the  formation  of  a  bright 
lemon-yellow  nitride.  In  another  paper,  Feild  ^^•^  points  out  that 
zirconium  forms  a  sulphide '  very  similar  in  colour  to  manganese 
sulphide,  and  he  found  that  additions  of  zirconium  removed  red- 
shortness  from  steel  when  the  finished  product  had  a  ratio  of 
zirconium  to  sulphur  equal  to  1-41  :  1.  Furthermore,  he  claimed 
that  this  ratio  corresponded  to  the  formation  of  the  compound 
ZrSj. 

Urban  and  Chipman  ^*®^  found  that  additions  of  zirconium  to 
sulphurised  iron  resulted  in  the  formation  of  inclusions  varying  in 
colour  from  tan  to  grey.  They  found  the  tan  inclusions  to  be 
anisotropic  and  the  grey  inclusions  isotropic,  and  suggested  that 
the  sulphides  observed  by  Field  were  manganese  sulphide,  perhaps 
contaminated  with  zirconium.  These  inclusions,  they  say,  were 
angular  or  crystalline  in  outline  and  were  not  affected  by  annealing 
or  forging. 

The  findings  of  Urban  and  Chipman  were  substantially  con- 
firmed by  Portevin  and  Castro,^*^*  who  found  that  the  addition  of 
0-89%  of  zirconium  to  remelted  Swedish  iron  gave  yellowish-grey 
sulphide  inclusions  which  were  markedly  anisotropic.  They  suggest 
that  this  phase  replaces  the  sulphide  of  manganese  (and  zirconium) 
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when  the  percentage  of  zirconium  is  sufficiently  high.  These 
investigators  also  describe  the  occurrence  of  blue-|p:ey  zirconium 
carbide,  lemon-yellow  zirconium  nitride  and  zirconium  cyano- 
nitrides  ranging  in  colour  from  lemon-yellow  or  orange-brown  to 
pu^le,  violet  and  blue  in  one  crystal.  Both  zirconium  carbide  ^^^ 
and  zirconium  nitride  ^^®*  have  cubic  crystal  structures,  and  Portevin 
and  Castro  suggest  that  the  solutions  involved  in  the  zirconium 
cyano-nitride  crystals  are  continuous  sohd  solutions  of  the  system 
ZrN-ZrC. 

It  would  thus  appear  from  this  review  that  additions  of  zirconium 
to  cast  irons  might  cause  the  appearance  of  zirconium  sulphide, 
nitride,  carbide  and  cyano-nitride  phases.  To  determine  the  effect 
of  zirconium  on  inclusions  in  cast  iron,  a  series  of  irons  having 
increasing  zirconium  contents  was  examined.  These  irons  were 
prepared  by  melting  a  hematite  base  iron  in  a  250-lb.  oil-fired 
crucible  furnace.  When  molten,  the  requisite  amount  of  metal 
was  tapped  into  a  handshank,  and  the  alloy  additions  were  made 
while  the  metal  was  in  the  shank.  The  zirconium  was  added  in 
the  form  of  ferro-silicon-zirconium  having  the  following  analysis  : 

Ziroonium.  Silicon.  Iron. 

38-8%  6000%  8-25% 

Bars  1*2  in.  in  dia.  from  eleven  such  irons  were  examined,  having 
zirconium  contents  ranging  from  0-04%  to  0-64%.  These  bars 
have  been  numbered  Zl  to  Zll.  Bars  Zl,  Z2,  Z3  and  Z9  were 
made  from  a  base  iron  having  3*5%  of  total  carbon  and  1*4%  of 
silicon,  bars  Z4,  Z5,  Z8  and  Zll  from  a  base  iron  having  2*9%  of 
total  carbon  and  2*2%  of  silicon,  and  bars  Z6,  Zl  and  ZIO  from  a 
base  iron  having  3*3%  of  total  carbon  and  1-7%  of  silicon.  In 
every  case  the  addition  was  either  \  lb.,  1  lb.,  1^  lb.  or  2  lb.,  which 
was  added  to  about  28  lb.  of  the  base  iron.  The  analyses  and 
alloy  additions  used  are  given  in  Table  VII.,  which  also  indicates 
the  types  of  inclusions  met  with  in  these  bars.  A  more  detailed 
description  of  the  inclusions  is  given  below. 

Bar  Zi,  Zirconium  0-04%, — ^Titanium  carbide  cubes  and  man- 
ganese sulphide  crystals  are  the  only  inclusions  present  in  this  bar. 

Bar  Z2,  Zirconium  005%. — ^This  bar  contained  titanium 
carbide  and  a  small  amount  of  manganese  sulphide,  as  in  bar  Zl. 
Also  present  were  a  number  of  orange-yellow  to  grey  lamellar  inclu- 
sions, a  typical  example  of  which  is  shown  in  Fig.  60.  These 
inclusions  are  presumably  the  same  as  those  described  by  Urban 
and  Chipman  and  by  Portevin  and  Castro.  Close  examination 
revealed  these  inclusions  to  be  pleochroic,  which  explains  why 
their  colour  varied  from  orange-yellow  to  grey.  When  such  an 
inclusion  lies  parallel  to  the  plane  of  polarisation  of  the  incident 
light  it  appears  orange-yellow,  and  when,  after  a  rotation  of  the 
microscope  stage,  it  lies  at  right  angles  to  the  plane  of  polarisation 
of  the  incident  light  it  appears  light  grey.    The  plane  polarised 
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lighfc  produced  by  reflection  from  the  glase  slip  of  the  vertical 
ilhiminator  is  quite  sufficient  to  enable  the  easy  detection  of  this 


Fia.  8.— Optical  Propertiei 


reflex  pleochroism,  the  use  of  a  polariser  merely  heightening  the 
coloui  contrast  in  these  two  positions.  The  presence  of  the  pleo- 
chioic  etfect  in  these  inclusions  has  not  been  detected  by  previouB 
investigators,  and  it  explains  why  Portevin  and  Castro  gave  the 
colour  of  them  as  "ye]lowiBh-grey."  When  examined  under 
polarised  light  between  crossed  nicols,  they  were  found  to  be 
markedly  anisotropic.  The  optical  properties  of  this  orange-yellow 
to  grey  inclusion  are  given  i^agrammatically  in  Fig.  8,  using  the 
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same  couvention  as  in  t^g.  2  for  titanium  sulphide ;  letter  0  indicates 
an  orange-yellow  coloration,  B  a  blue,  and  0  a  grey  coloration.  In 
general,  these  optical  phenomena  can  be  detected  more  easily  with 
an  immersion  objective  than  with  a  dry  objective,  although  tjbe 
use  of  the  latter  tends  to  exaggerate  the  pleochroic  effects. 

The  orange-yellow  to  grey  inclusions,  while  frequently  lamellar 
themselves,  have  other  lamellae  growing  out  of  them,  forming 
re-entrant  angles  (Kg.  61),  and  occasionally  they  occur  cutting 
straight  across  titanium  carbide  crystals  (Fig.  62). 

Bar  Z5,  Zirconium  0-09%. — ^TMs  bar  contains  titanium  carbide 
as  in  the  two  previous  bars,  but  no  manganese  sulphide  is  present. 
This  constituent  appears  to  have  been  completely  replaced  by  the 
lamellar  orange-yellow  to  grey  zirconium  inclusion. 

Bar  Z4,  Zirconium  0-12%. — The  inclusions  in  this  bar  are 
essentially  similar  to  those  in  Z3. 

Bar  ZJ,  Zirconium  0-13%, — This  bar  contains  titaniiim  carbide 
as  in  the  previous  bars,  but  there  is  much  more  of  the  orange- 
yellow  to  grey  iAclusion,  the  lamellar  form  of  which  is  partly 
replaced  by  a  polygonal  form.  Also  present  are  some  blue-grey 
cubic  inclusions  which  are  isotropic.  These  latter  appear  to  be 
the  same  as  those  described  by  Portevin  and  Castro  as  zirconium 
carbide. 

Bar  Z6,  Zirconium  015%. — ^This  bar  is  very  similar  to  Z5,  but 
the  polygonal  orange-yellow  to  grey  inclusion  is  more  in  evidence, 
as  is  the  cubic  carbide  inclusion.  Titanium  carbide  is  still  present. 
A  few  crystals  of  the  zirconium  cyano-nitride  are  present  in  this 
sample.  These  crystals  usually  have  a  series  of  concentric  rings 
ranging  in  colour  from  red-pink  to  deep  purple.  A  typical  crystal 
showing  the  concentric  rings  is  illustrated  in  Fig.  63;  the  main 
body  of  the 'Crystal  is  red-pink  and  the  two  dark  rings  are  deep 
purple. 

Bar  Z7,  Zirconium  0-16%,  and  Bar  Z8,  Zirconium  016%.— With. 
regard  to  inclusions,  these  bars  are  identical.  They  show  titanium 
carbide,  polygonal  orange-yellow  to  grey  zirconium  inclusions  with 
a  trace  of  the  lamellar  form,  the  blue-grey  zirconium  carbide  and 
traces  of  the  cored  cyano-nitride. 

Bar  Z9,  Zirconium  0-25%. — In  this  bar  the  lamellar  orange- 
yellow  to  grey  inclusion  has  been  completely  replaced  by  its  poly- 
gonal form.  The  titanium  carbide  present  has  a  definite  pinkish 
appearance,  and  occasionally  crystals  of  this  phase  can  be  seen  to 
have  crystallised  around  zirconium  carbide  cubes.  This  effect 
makes  the  centres  of  the  titanium  carbide  crystals  appear  softer. 
An  attempt  has  been  made  in  Fig.  64  to  show  a  titanium  carbide 
crystal  with  a  darkish  centre  of  the  zirconium  carbide.  The  free 
zirconium  carbide  crystals  tend  to  occur  in  large  segregations. 
The  individual  crystals  of  this  phase  are  usually  very  small  and 
difficult  td  photograph.  Fig.  65  shows  a  group  of  fairly  large 
orange-yellow  to  grey  inclusions  surrounded  by  a  segregation  of 
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the  blue-grey  zirconium  carbide  cubes.  The  apparently  dark 
polygonal  crystals  were  actually  orange-yellow  and  the  light  crystal 
was  grey  in  the  particular  stage  position  used.  Fig.  66  depicts 
the  same  spot  after  rotating  the  stage  through  90° ;  the  inclu8i<Mi 
which  was  formerly  light  (grey)  is*  now  dark  (orange-yellow),  while 
some  of  the  inclusions  which  were  formerly  dark  (orange-yellow) 
are  now  light  (grey).  Fig.  67  shows  the  same  spot  under  polarised 
light  between  crossed  nicols.  The  anisotropic  character  of  the 
polygonal  orange-yellow  to  grey  inclusions  is  clearly  seen,  while 
the  small  carbide  cubes  have  remained  dark. 

Bar  ZIO,  Zirconium  0-29%, — ^This  bar  is  essentially  similar  to 
Z9,  but  all  the  titanium  carbide  has  been  replaced  by  the  faii^it 
pinkish  phase,  which  is  presumably  a  carbide  of  the  type  (Ti,ZT)J02- 

Bar  Zll,  Zirconium  0-54%, — ^This  contains  a  few  undissolved 
^rticles  of  ferro-silicon-zirconium,  which  probably  account  for  the 
relatively  high  zirconium  content.  Large,  well-developed  crystals 
of  the  orange-yellow  to  grey  inclusion  and  the  cubic  grey  inclusion 
are  present.  Sometimes  the  cubic  grey  carbide  inclusions  occur 
inside  the  orange-yellow  to  grey  inclusions,  laical  examples  of 
this  mode  of  occurrence  are  given  in  Figs.  68  and  69.  The  very 
large  crystals  shown  in  these  micrographs  are  the  orange-yellow 
to  grey  ones  and  the  crystals  of  a  smaller  order  of  size  are  the 
cubic  blue-srey  zirconium  carbide  inclusions.  The  undissolved 
particles  of  terro-silicon-zirconium  in  this  bar  provide  some  interest- 
ing features.  Each  particle  is  surrounded  by  layers  of  three 
different  phases.  Th^  innermost  layer  bordering  on  the  alloy  addi- 
tion is  an  almost  continuous  band  of  a  pinkish  phase ;  the  next 
layer  is  an  almost  complete  ring  of  orange-yellow  to  grey  inclusions ; 
the  outer  layer  consists  of  a  band  of  dispersed  blue-grey  zirconium 
carbide  crystals.  Figs.  70  and  71  illustrate  this  mode  of  occurrence 
of  the  undissolved  additions.  Fig.  71,  taken  with  polarised  light 
between  crossed  nicols,  enables  the  recognition  of  the  band  of 
orange-yellow  to  grey  inclusions,  which  have  lit  up  owing  to  their 
fiuiisotropic  character;  the  phases  in  the  inner  and  outer  bands 
have  remained  dark.  A  summary  of  the  inclusions  present  in  this 
series  is  given  in  Table  VII.  The  crosses  indicate  the  presence  of 
inclusions. 

From  the  examination  of  this  series  of  irons,  the  following 
general  conclusions  can  be  drawn  : 

(a)  Additions  of  zirconium  up  to  004%  have  no  effect  on 
the  inclusions  present  in  a  titaniferous  cast  iron. 

(6)  Additions  of  zirconium  above  004%  result  in  the 
appearance  of  a  lamellar  orange-yellow  to  grey  inclusion 
wMch  completely  replaces  the  manganese  sulphide  at  0*09% 
zirconium. 

(c)  At  013%  zirconium,  small  crystals,  blue-g^y  in  colour 
and  cubic  in  outline,  are  formed.    These  are  probably  zirconium 
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carbide,  ZrC.  They  gradually  increase  in  number  with  increas- 
ing zirconium  content. 

(d)  With  0-15%  zirconium,  the  lamellar  orange-yellow  U> 
grey  inclusions  become  replaced  by  the  polygonal  form  of  the 
same  phase,  until,  at  0-25%  zirconium,  the  lamellar  form  has 
completely  disappeared. 

(c)  With  0-26%  zirconium,  the  titanium  carbide  begins  to 
be  replaced  by  a  slightly  softer  pinkish  constituent  which  is 
probably  a  complex  titanium-zirconium  carbide.  At  0*29% 
zirconium  all  the  titanium  carbide  in  this  series  was  replaced 
by  this  new  phase. 

From  the  results  obtained  thus  far  it  was  impossible  to  say 
definitely  whether  the  orange-yellow  to  grey  inclusion  was  a 
zirconium  sulphide  or  a  manganese-zirconium  sulphide.  With  the 
object  of  determining  more  precisely  the  constitution  of  this 
inclusion,  the  following  melt  was  made. 

MeU  Z12. — Sixty  pounds  of  Swedish  white  iron  were  melted  in 
a  salamander  crucible,  using  a  coke-fired  forced-draught  furnace. 
When  molten,  ^  lb.  of  14%  ferro-siUcon-zirconium  was  added  and 
the  metal  was  re-heated.  The  ferro-silicon-zirconium  used  had  the 
following  composition :  Zirconium,  13-49% ;  silicon,  39*32% ; 
titanium,  0-20%;  manganese,  sulphur  and  vanadium,  nil.  The 
addition  was  finely  ground  and  packed  in  a  sheet-steel  container, 
which  was  dropped  into  the  crucible  and  held  under  the  surface  of 
'the  metal  by  a  plunger.  It  was  considered  necessary  to  take  these 
precautions  in  view  of  the  extremely  low  yields  of  zirconium  in 
the  previous  series.  When  the  crucible  and  its  contents  had  been 
re-heated  for  a  further  10  min.,  the  crucible  was  removed  from  the 
furnace  and  a  1-2-in.  dia.  bar  was  cast  directly  from  the  crucible; 
5^  oz.  of  iron  sulphide  were  then  added  to  the  metal  and  another 
1-2-in.  dia.  bar  was  poured.  Then  1  lb.  of  14%  ferro-silicon- 
zirconium  was  added  in  jl  similar  manner  to  the  first  addition, 
and  the  crucible  was  again  returned  to  the  furnace  to  be  reheated 
for  20  min.  After  this  a  third  1-2-in.  dia.  bar  was  poured;  5^  oz. 
of  ferro-manganese  were  then  added  to  the  melt,  and  the  fourth  bar 
was  poured.  The  bars  were  fractured  in  transverse  and  micro- 
sections  were  taken  at  the  fractured  ends.  The  analyses  are  given 
in  Table  VIlI. 

Table  VIII. — NeutrcUisalion  of  Sulphur  by  Zirconium. 


•  Bar  No. 

Si. 

Mn. 

s. 

%. 

Zr. 

Fracture. 

^12/1 
2 
3 

4 

0-35 
0-33 
118 
107 

003 
003 
004 
0-73 

0029 
01 87 
01 96 
0197 

0094 
0083 
0176 
0-210 

Grey  with  mottle 

White 

Grey  with  mottle 

Grey 
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Bar  Z12I1  Bhowed  small  amounts  of  the  orange-yellow  to 
grey  inclusion  and  traces  of  manganese  sulphide. 
•  Bar   Z12I2  revealed    only  fairly  large    amounts  of  iron 

Hulphide. 

Bar  Z12I3  contained  iron  sulphide  and  a  bluish  inclusion, 
having  the  form  of  iron  sulphide.  There  was  a  complete 
range  of  coloiu*s,  ranging  from  the  khaki  of  iron  sulphide  to 
the  bluish-grey  of  the  other  inclusion.  The  bluish  inclusion, 
whilst  having  the  same  form  as  the  iron  sulphide,  was  com- 
pletely isotropic  when  viewed  under  polarised  light  between 
crossed  nicols.  It  would  appear  that  these  bluish  inclusions 
are  either  iron  sulphide  containing  zirconium  or  zirconium 
sulphide. 

Bar  Z12I4  had  fairly  large  amounts  of  manganese  sulphide 
and  crystals  of  the  orange-yellow  to  grey  inclusion. 

Melt  Z13, — Since  it  appeared  that  there  was  insufficient  zir- 
conium completely  to  neutralise  the  sulphur  in  the  bars  of  this 
melt,  it  was  decided  to  carry  out  a  similar  experiment  with  larger 
additions  of  alloy.  For  this  purpose  a  small  Biriec  26-kW.  rocking 
arc  fiimace  was  used.  It  was  hoped  by  this  means  to  obtain 
hotter  metal  and  hence  an  improved  yield  of  zirconium.  A  charge 
of  47  lb.  of  Swedish  white  iron  and  23  lb.  of  steel  was  melted,  and 
51  oz.  of  iron  sulphide  were  added  to  the  molten  metal.  Then 
2  lb.  of  14%  ferro-silicon-zirconium  were  added,  the  charge  was 
reheated,  and  1-2-in.  dia.  bar  No.  Z13/1  was  poured.  After  this  a 
further  addition  of  1  lb.  of  alloy  was  made,  the  metal  was  again 
reheated,  and  a  second  1-2-in.  dia.  bar,  Z13/2,  was  poured.  This 
latter  operation  was  repeated  three  more  times,  giving  bars  Z13/3, 
Z13/4  and  Z13/5,  and  then  5  oz.  of  80%  ferro-manganese  were 
added,  and  bar  Z13/6  was  poured.  The  analyses  and  fractures  of 
these  bars  are  given  in  Tabic  IX. 


Table  IX. — Neutralisation  of  Sulphur  by  Zirconium  in  Rocking  Arc 

Furnace  MeU. 


B*rNo. 

T.C. 

O' 

Si. 

O' 

Mn. 

8. 

o/ 

Zr. 

O,' 

Fracturo. 

/!»• 

,0' 

/O- 

/o* 

,o« 

Z13/1 

2-63 

()'9S 

017 

0172 

0074 

While 

•> 

2-56 

1-38 

oir» 

0165 

0195 

While 

3 

2-69 

1-92 

016 

0163 

0141 

White 

4 

2o5 

2-71 

013 

01 56 

0136 

Mottled 

5 

2-53 

3-91 

018 

01 52 

0121 

Grey 

f) 

2-50 

3-98 

1G8 

0143 

0016 

Grey  • 

_ 

. 

m.. 



_   -       . 

-  _ 

It  is  seen  that  the  yield  of  silicon  from  the  additions  of  the 
ferro-silicon-zirconium  was  almost  theoretical,  while  the  yield  of 
zirconium  was  very  poor.    Bars  Z13/1  to  Z13/5  all  have  very 
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similar  inclusions.  They  show  a  blue-grey  constituent  resembling 
manganese  sulphide  in  colour,  an  iron-sulphide-rich  constituent 
ranging  in  colour  from  khaki  to  blue-grey,  and  fairly  large  amounts 
of  brilliant  lemon-yellow  zirconium  nitride  cubes.  Bar  Z13/6  has 
larse  amounts  of  manganese  sulphide  and  also  the  brilliant  lemon- 
yellow  zirconium  nitride  cubes.  Thus,  it  appears  that  the  bars 
of  this  series  are  characterised  by  the  presence  of  the  zirconium 
nitride.  Otie  occurrence  of  this  compound  in  the  particular  series 
is  put  down  to  the  fact  that  the  melting  operation  was  carried  out 
in  an  indirect  rocking  arc  furnace,  which  exposes  a  large  surface 
of  the  molten  metal  to  the  atmosphere.  This  has  been  confirmed 
by  a  number  of  other  melts  made  in  the  furnace — every  one  con- 
taining zirconium  showed  large  quantities  of  the  lemon-yellow 
nitride. 

A  group  of  the  cubic  lemon-yellow  nitride  inclusions  associated 
with  the  blue-grey  constituent  is  shown  in  Kg.  72.  When  examined 
under  polarised  Ught  between  crossed  nicols,  the  nitride  inclusions 
give,  a  bright  yellow  coloration  which  persists  in  all  positions  of  the 
stage,  while  the  blue-grey  inclusions  remain  perfectly  dark.  While 
these  latter  inclusions  resemble  manganese  sulphide  in  colour,  they 
have  apparently  allotriomorphic  outlines  and  do  not  show  any 
tianslucency  effects.  It  is  thought  that  they  were  probably  a 
complex  sulphide  of  iron,  manganese  and  zirconium. 

Bar  Z13/3  showed  a  small  amount  of  graphite  deposited  in  a 
very  angular  form.  This  effect  was  even  more  pronounced  in 
bar  Z13/4,  which  contained  a  fairly  large  amount  of  graphite. 
In  this  bar  some  of  the  graphite  was  deposited  around  the  cementite 
in  a  similar  maimer  to  that  described  for  melt  No.  17  and  illustrated 
in  Figs.  54  and  55.  The  rest  of  the  graphite  was  deposited  in  what 
appeared  to  be  a  Widmanstatten  form  and  a  small  amount  was 
deposited  in  a  thin  band  aroimd  some  of  the  blue-grey  inclusions. 
A  typical  Widmanstatten  arrangement  is  illustrated  in  Fig.  73, 
and  a  ring  of  graphite  formed  round  a  blue-grey  inclusion  in  Fig.  74. 
A  similar  Widmanstatten  form  of  graphite  has  been  depicted  by 
Hanemann  and  Schrader  ^^"^  (loc,  cit,  No.  3,  Table  22).  However, 
the  Widmanstatten  form  shown  by  these  investigators  consisted 
of  hypereutectoid  graphite  which  had  crystallised  on  to  the  eutectic 
graphite.  The  example  illustrated  here  is  actually  eutectic  graphite 
which  has  probably  formed  by  the  decomposition  of  the  solid 
eutectic  cementite.  It  would  thus  appear  that  in  irons  which 
contain  insufficient  quantities  of  the  elements  manganese,  titanium 
or  zirconium,  the  sulphur  acts  as  a  much  more  potent  carbide 
stabiliser  at  high  temperatures  than  at  low  temperatures,  owing, 
perhaps,  to  the  reversibility  of  the  reactions  of  iron  sulphide  with 
titanium,  manganese  and  zirconium.  The  reversibility  of  these 
reactions^ would  tend  to  give  more  iron  sulphide  at  high  tempera- 
tures than  at  low  temperatures.  This  has  definitely  Jbeen  proved 
for  the  reaction  between  manganese  and  iron  sulphide,  and  has 
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already  been  discussed  with  regard  to  the  inclusions  of  Group  I. 
The  deposition  of  graphite  round  the  blue-grey  inclusions  has 
important  implications,  but  it  is  possible  that  this  phenomenon 
is  not  due  to  particular  properties  of  this  inclusion,  but  rather  to 
the  fact  that  graphitisation  will  begin  at  any  available  solid-solid 
interface  under  suitable  conditions. 

Bars  Zld/5  and  Z13/6  have  normal  medium-si^d  eutectic 
flake  graphite.  The  very  big  drop  in  zirconium  content  £rom 
bar  Z13/5  to  bar  Zld/6  can  only  be  explained  by  reference  to  the 
extreme  oxidising  power  of  the  atmosphere  in  the  melting  unit 
employed. 

Melts  Z14  and  ZiJ.^^Having  roughly  determined  the  type  of 
inclusions  introduced  into  cast  iron  by  the  addition  of  zirconium, 
it  was  decided  to  investigate  the  effect  of  pouring  temperature  on 
these  inclusions.  To  do  this,  two  melts  were  carried  out  in  a 
salamander  crucible,  using  a  coke-fired,  forced-draught  furnace. 
The  charge  for  the  first  melt  consisted  of  36  lb.  of  Swedish  white 
iron,  9  lb.  of  steel  and  4|  oz.  of  80%  ferro-manganese,  while  that 
for  the  second  melt  consisted  of  26  lb.  of  Swediim  white  iron,  9  lb. 
of  steel  and  9  oz.  of  ferro-manganese.  These  two  melts  have^been 
given  the  numbers  Z14  and  Z15,  respectively.  In  each  case  1^  lb. 
of  14%  ferro-silicon-zirconium  was  added  to  the  molten  charge, 
and  four  r2-in.  dia.  bars  were  poured  at  the  following  approximate 
temperatures :  1460°,  1350°,  1300°  and  1225°  C.  The  temperatures 
were  taken  with  a  platinum /platinum-rhodium  thermocouple  of 
the  immersion  type  and  are  necessarily  approximate,  since  a  slight 
delay  occurred  between  the  taking  of  the  readings  and  the  poiuring 
of  the  bars.  The  microscopical  examination  indicated  that  the 
pouring  temperature  only  affected  the  number  and  size  of  the 
orange-yellow  to  grey  inclusions.  All  the  bars  contained  orange- 
yellow  to  grey  inclusions  in  well-formed  crystals  and  large  segrega- 
tions of  the  grey  cubic  zirconium  carbide  with  a  faint  trace  of  the 
double  titanium-zirconium  carbide.  In  the  bars  poiired  at  the 
lower  temperatures,  the  orange-yellow  to  grey  inclusions  were  fewer 
and  larger  than  in  the  bars  poured  at  higher  temperatiires.  This 
was  particularly  noticeable  in  the  bars  poured  at  1225°  C,  in 
which  it  could  easily  be  seen  that  the  large  orange-yellow  to  grey 
inclusions  were  actually  aggregations  of  smaller  crystals  of  random 
orientation.  To  illustrate  the  effect  of  pouring  temperature  on 
the  number  of  these  inclusions,  an  inclusion  count  was  carried  out 
on  all  the  bars,  using  the  method  described  for  counting  the  titanium 
carbide  crystals.  The  results  of  these  inclusion  counts  are  given, 
along  with  the  analyses,  in  Table  X. 

Melt  Z16. — Melt  Z13  had  indicated  the  great  affinity  of  zir- 
conium for  nitrogen  and  that  a  large  proportion  of  the  zirconium 
was  fixed  as  zirconium  nitride  by  melting  in  an  indirect  rocking 
arc  furnace.  With  this  in  view  an  attempt  was  made  to  discover 
whether  this  inclusion  could  be  introduced  into  crucible-melted 
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Table  X. — The  Effect  of  Pouring  Temperature  on  the  Number  of 
Orange-  YeUow  to  Orey  Zirconium  Inclusions, 


Melt 
No. 

Pouring 

Temp. 

«0. 

Analysis. 

Number  of 

Inclusions 

per  Unit 

Field. 

T.C. 

Si. 

o/ 

Mn. 

%. 

s. 
%. 

Zr. 

Z14 
Z15 

1450 
1350 
1300 
1225 
1450 
1350 
1300 
1225 

3-28 
3-44 

119 
1-25 

0-53 
0-94 

0023 
0-23 

0-547 
0-496 

1-73 

1-27 

0-885 

0-63 

1-56 

1115 

1085 

0-605 

iron  by  treating  tho  molten  metal  with  nitrogen.  To  do  this  a 
charge  of  36  lb.  of  pig  iron  and  9  lb.  of  steel  was  melted  in  a  sala- 
mander crucible,  using  a  coke-fired,  forced-draught  furnace.  The 
pig  iron  had  the  following  composition  : 


Total  carbon  . 

.     4040/^ 

Sulphur 

.     0010% 

Silicon    . 

.     219% 

Phosphorus     . 

.     0048% 

Manganese 

.      110% 

Titanium 

.     0-06% 

When  the  charge  was  molten,  1^  lb.  of  14%  ferro-silicon-zirconium 
was  added  and  a  standard  r2-in.  dia.  bar  was  poured.  The  crucible 
was  then  returned  to  the  furnace  and  nitrogen  was  bubbled  through 
the  metal  for  2  min.,  after  Which  a  second  standard  1-2-in.  dia.  bar 
was  poured.  This  melt  has  been  numbered  Z16.  The  analyses 
of  the  two  bars  are  given  in  Table  XI. 


- 

Table  XI,— Nitrogen-Treated  Melt, 

Bar  No. 

T.O. 

81. 

Mn. 

8. 

0/ 
/O* 

Zr. 

%. 

Z16/1 
2 

315 

2-74 

0-90 
0-90 

0-038 
0040 

• 

0-32 
0-25 

Both  bars  contained  identical  inclusions — a  number  of  orange- 
yellow  to  grey  crystals,  segregations  of  blue-grey  zirconium  carbide 
and  a  few  crystals  of  the  pinkish  titanium-zirconium  carbide.  It 
would  seem  from  these  results  that,  under  these  conditions,  zir- 
conium either  does  not  combine  with  nitrogen  at  all  or  does  so  only 
very  slowly. 

Group  V, — Inclusions  Produced  by  Alloying  with  Aluminium, 

It  has  not  been  possible,  so  far,  to  find  in  the  literature  any 
reference  to  the  effect  of  alloying  cast  iron  with  aluminium  on 
the  types  of  inclusions  present  in  this  alloy.    For  the  purpose  of 
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this  paper,  several  sets  of  irons  having  aluminium  contents  ranging 
from^O  to  10%  were  examined.  These  irons  all  contained  enough 
manganese  to  balance  the  sulphur  contents.  The  actual  man- 
ganese contents  ranged  from  0-46%  to  0*75%  and  the  sulphur 
contents  were  all  below  005%.  In  all  the  series  examined,  the 
same  changes  in  the  inclusions  occurred  with  increases  in  aluminium 
content.  Up  to  about  2%  of  aluminium,  the  only  inclusions 
present  in  these  series  were  normal  idiomorphic  manganese  sulphide 
crystals.  From  2%  to  3*7%  of  aluminium  the  manganese  sulphide 
cr3rstals  appeared  to  become  much  softer  and  were  easily  damaged 
during  the  polishing  operation.  Nevertheless,  they  still  retained 
their  characteristic  idiomorphic  outline.  With  aluminium  contents 
above  4%  the  idiomorphic  manganese  sulphide  was  replaced  by 
a  phase  of  a  similar  colour  but  which  was  always  perfectly 
spherical  in  outline.  From  4%  to  10%  of  aluminium  the  spheroids 
became  larger  and  softer,  being  at  the  same  time  proportionally 
more  difficult  to  polish.  These  spheroidal  inclusions  were  optically 
isotropic  and  exhibited  translucency  effects'  similar  to  those  of 
manganese  sulphide. 

Conclusion. 

So  far,  this  paper  has  been  concerned  with  the  metallography 
of  small  particles  in  the  microstructure  of  cast  iron,  and  throughout 
the  paper  these  particles  have  been  more  or  less  continuously 
referred  to  as  "  inclusions."  There  appears  to  be  a  fairly  general 
agreement  that  the  terms  *'  incluaiSn,''  "  slag  inclusion  **  and 
**  non-metallic  inclusion  "  are  not  very  satisfactory  for  the  collective 
description  of  these  particles.  Nevertheless,  this  has  not  prevented 
a  liberal  use  of  the  terms,  and  the  literature  of  ferrous  physical 
metallurgy  demonstrates  a  chaos  of  ideas  on  the  subject,  brought 
about  in  the  first  place  by  the  lack  of  enforcement  of  exact&g 
definition.  In  quite  a  large  number  of  references,  the  particles  are 
dealt  with  as  a  separate  group  of  constituents  entirely  different 
from  the  major  phases  of  the  metallic  matrix,  with  the  implication 
that  they  are  insoluble  in  either  the  solid  or  the  liquid  metal.  In 
some  extreme  cases  **  inclusions  "  have,  by  analogy,  been  endowed 
with  a  misleading  biological  significance. 

The  chemical  determination  of  oxides  and  silicates  in  steels 
and  cast  irons  has  proceeded  apace  in  the  last  few  years,  and  quite 
frequently  this  branch  of  activity  is  referred  to  as  the  anal3rsis  of 
non-metallic  inclusions,  &c.  Thus  there  are  two  points  of  view 
on  the  question  which  are  now  actively  developing — ^the  chemical 
and  the  metallographical.  At  this  point  the  question  arises :  Are 
the  chemist  and  the  metal lographist  talking  about  the  same  thing  ? 
In  the  case  of  steel,  these  two  lines  of  investigation  are  probably 
correlative,  but  in  the  case  of  ordinary  cast  irons  this  is  not  so  at 
the  moment.  The  only  "  inclusions  "  seen  in  ordinary  cast  irons 
are  manganese  sulphide,  titanium  carbide,  titanium  cyano-nitride 
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and  perhaps  iron  sulphide.  So  far,  the  metallographist  has  not 
been  able  to  detect  oxides  or  sihcates  of  iron,  manganese  or  aluminium 
jn  ordinary  commercial  materials.  From  the  point  of  view  of  the 
microscope,  they  do  not  exist,  are  completely  soluble  in  the  metal, 
or  exist  in  such  a  finely  divided  form  that  they  are  not  resolved. 
It  is  seen  that  the  chemist  and  the  metallographist  have  been 
tempted  to  use  the  same  group  of  words  to  describe  what  are  very 
different  constituents — different  in  chemical  composition,  in  mode 
of  distribution  and  in  order  of  size. 

Portevin  and  Castro  have  pointed  out  that  the  term  "  inclu- 
sion "  connotes  a  substance  essentially  foreign  to  the  constitution 
of  the  alloy,  perhaps  detrimental  to  it,  and  more  or  less  insoluble 
in  the  metal.  With  regard  to  such  constituents  as  mechanically 
trapped  fiimace  slag  and  moulding  sand,  it  is  obvious  that  the 
term  **  inclusion ''  is  a  good  one,  and  it  is  still  further  improved 
by  compounding — furnace-slag  inclusion  and  moulding-sand  inclu- 
sion. However,  in  the  case  of  the  particles  described  in  this  paper 
it  is  obvious  that  the  terminology  is  not  all  that  is  to  be  desimi. 
Perhaps  with  the  exception  of  the  cyano-nitrides,  all  the  particles 
dealt  with  are  at  least  partially  soluble  in  molten  metal  at  the 
normal  pouring  temperatures. 

Portevin  and  Castro  have  also  shown  how  difficult  it  is  to  sub- 
divide "  inclusions ''  into  metallic  and  non-metallic  groups,  and 
they  have  suggested  that  the  following  arbitrary  classification 
could  be  made : 

Induaiona  :  Silicates,  aluminates,  oxides  and  sulphides. 
Metallic  ConstUuenta :   Nitrides,  carbides  (borides  and  per- 
haps phosphides). 

This  grouping  would  be  very  difficult  to  apply  to  cast  iron,  since 
the  only  metallographic  inclusions  would  be  the  sulphides.  Now, 
the  blue-pink  '*  inclusion  "  described  in  Group  II.  of  this  paper  is 
largely  titanium  sulphide,  but  it  probably  also  contains  a  fair 
amount  of  dissolved  titanium  carbide  which  is  presumably  a  metallic 
constituent.  In  this  context,  it  is  interesting  to  note  that  Port* 
evin  ^^'  has  made  the  very  important  point  that  the  idea  of  an 
impurity  or  detrimental  element  is  entirely  relative  and  variable, 
and  it  would  seem  possible  to  extend  this  conception  to  the  term 
"  inclusion." 

Inclusions  have  been  stated  to  be  the  cause  of  a  number  of 
obscure  phenomena  exhibited  by  cast  iron  and  it  has  been  implied 
that  they  have  properties  peculiar  to  themselves.  A  careful 
metallographic  consideration  of  all  the  particles  dealt  with  indicates 
no  properties,  and,  what  is  more  important,  no  modes  of  formation 
peculiar  to  these  particles  which  are  not  exhibited  in  an  entirely 
analogous  way  by  the  major  phases  of  the  cast-iron  microstructure. 
It  would  seem,  then,  that  the  essential  difference  between  these 
particles  and  the  remainder  pf  the  metallic  phases  is  the  fact  that 
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the  former  occur  in  much  smaller  quantities.  With  this  point  in 
view,  it  is  suggested  here  that  these  particles  could  be  called  **  minor 
phases  "  to  great  advantage.  This  terminology  has  not  so  many 
misleading  implications  as  the  one  already  in  use,  and  is  likely  to 
prevent  the  formation  of  prejudices  and  biased  opinions  when  the 
properties  of  these  small  particles  are  being  investigated  or  discussed. 

The  author  wishes  to  thank  the  (Council  of  the  British  Cast  Iron 
Research  Association  for  permission  to  publish  this  paper. 
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2^  P        MORBOGH  :     POLISHIKG   OF  CAST  IRON   SPECIMBKS ; 

JOINT  DISCUSSION. 

The  two  papers  by  H.  Morrogh  on  **  The  Polishing  of  Cast-iron 
Micro-Specimens  and  the  Metallography  of  Graphite  FUkes  **  and  on 
**  The  Metallography  of  Inclusions  in  Cast  Irons  and  Pig  Irons  **  were 
discussed  jointly. 

Dr.  J.  E.  Hurst  (Messrs.  Bradley  and  Foster,  Ltd.,  Darlaston) 
welcomed  the  opportunity  of  speakii]^  on  the  two  papers  presented 
by  Mr.  Morrogh,  as  he  had  b^n  able  to  see  some  of  the  author's 
work  at  first  hand,  and  would  like,  as  would  all  cast  iron  metal- 
lurgists, publicly  to  congratulate  him  on  the  work  he  had  done. 
The  most  important  feature  of  that  work  was  probably  the  systematic 
and  organiseid  way  in  which  he  had  carried  it  out,  and  the  mode  of 
presentation  in  the  two  papers  was  also  most  praiseworthy.  Most 
metallurgists  had  had  the  opportunity  of  making  many  observations 
of  the  tyx>e  that  the  author  had  made,  and  they  had  always  been 
perplex^  by  the  difficulty  of  recording  them  in  some  systematic 
manner. 

So  far  as  cast  iron  metallurgy  was  concerned,  the  author  had 
established  a  scientific  method  of  studying  the  question  of  inclusions ; 
he  had  shown  rare  experimental  skill  in  the  preparation  and 
examination  of  his  specimens  and  in  the  use  of  the  modem  micro- 
scope— ^he  had  used  the  rotating  stage  and  the  polarising  method  of 
examination  very  ably.  FinaUy,  the  British  Cast  Iron  Research 
Association,  with  which  the  author  was  associated,  also  deserved  a 
share  in  the  congratulations. 

He  had  only  one  remark  of  a  critical  nature  to  make,  and  it 
concerned  the  Conclusion  in  the  paper  on  the  polishing  of  cast-iron 
micro-specimens,  where  it  was  stated  that  specimens  could  be 
prepared  in  fifteen  minutes.  Although  the  method  of  preparing 
the  specimens  was  set  out  in  very  great  detail,  he  would  find  it 
impossible  to  prepare  a  specimen  himself  and  get  the  results  which 
the  author  had  obtained  in  such  a  short  space  of  time  as  fifteen 
minutes. 

In  the  same  paper,  he  had  been  very  fascinated  by  Figs.  19  to  22, 
in  which  the  author  was  able  to  disclose — and  it  was  probablv  the 
first  time  that  this  had  been  done — where  the  hypereutectoia  and 
eutectoid  graphite  went  to.  People  had  talked  very  glibly  in  the 
past  about  hypereutectoid  and  eutectoid  graphite,  and  might  have 
surmised  where  it  had  finally  deposited  itself^  but  he  did  not  think 
that  they  had  ever  before  been  shown  so  clearly  exactly  where  the 
hypereutectoid  graphite  was  to  be  found. 

Dealing  still  with  the  same  paper,  it  would  be  interesting  to 
know  whether  the  author  took  any  precautious  in  the  polishing  of 
the  graphite  structure  itself  to  be  sure  that  the  last  traces  of  polishing 
powder  were  ehminated.  It  seemed  possible  for  particles  of  polish- 
ing powder  to  remain  embedded  in  the  surface  of  such  a  soft  material 
as  a  graphite  flake.    In  the  case  of  the  large  graphite  flake  shown 


METALLOGBAPHY. — JOINT  DISCUSSION.  255  P 

ill  Fig.  4,  there  was  a  small  white  spot  about  half  an  inch  firom  the 
bottom,  and  it  would  be  of  interest  to  know  whether  that  happened 
to  be  a  little  particle  of  Diamantine  powder.  The  author  was 
obviously  very  accomplished  in  the  microscopic  examination  of 
metals,  and  it  would  he  interesting  to  know  whether  he  had  con- 
sidered the  method  of  electrolytic  polishing,  and  whether  there  was 
any  hope  that  that  might  be  a  royal  road  to  polishing  cast-iron 
specimens,  thus  saving  people  the  trouble  of  trying  to  do  what  the 
author  would  like  them  to  do  in  fifteen  minutes. 

In  the  other  paper,  on  the  metallography  of  inclusions  in  iron, 
Figs.  22  to  25  were  especially  fascinating,  and  particularly  the  one 
with  the  inclusion  of  sulphide  in  the  centre.  The  author's  work  in 
this  connection  had  brought  out  in  a  very  striking  manner  the 
importance  of  the  sulphur  compounds,  of  both  manganese  and  iron, 
in  determining  the  structural,  characteristics  at  least  of  malleable 
cast  iron,  if  not  of  ordinary  grey  iron ;  a  good  many  cast  iron  metal- 
lurgists were  convinced  that  the  importance  and  significance  of 
those  two  constituents  had  not  yet  been  exhausted.  One  of  the 
most  startling  things  that  the  author  had  revealed  was  the  absence 
of  oxides  and  silicates,  and  still  more  startling  was  the  fact  that  he 
found  no  oxide  inclusions  in  the  samples  of  aluminium-alloy  cast 
iron,  even  when  containing  as  much  as  10%  of  aluminium.  Person- 
ally, he  was  concerned  with  making  castings  which  did  not  contain 
nearly  as  much  aluminium  as  that,  but  which  contained  something 
of  the  order  of  1*5%  to  hi 6%  of  aluminium  for  nitrogen-hardening 
cast-iron,  and  he  felt  sure  that  they  were  concerned  with  what  they 
called  oxide  inclusions.  Whether  they  were  visible  on  micro- 
examination  he  did  not  know,  but  it  was  astonishing  that  the 
author  was  unable  to  see  such  oxide  inclusions  in  his  aluminium- 
aUoy  cast-irons.  One  wondered  whether  the  samples  which  the 
author  examined  were  treated  by  processes  using  chlorinated  wax ; 
it  would  be  interesting  to  know. 

At  the  present  time,  when  the  methods  and  the  instruments  of 
the  physicist  were  occupying  the  attention  of  metallurgists  so 
much,  it  was  very  refreshing  to  see  that  the  trusted  weapon  of  the 
metallurgist,  the  microscope,  could  be  used  so  effectively. 

Mr.  T.  Henby  Tukneb  (London  and  North  Eastern  Railway 
Company,  Doncaster)  suggested  that  the  British  Cast  Iron  Besearch 
Association  should  seriously  consider  linking  up  with  the  Scientific 
Instrument  Research  Association  and  the  microscope  makers  and 
carrying  the  work  in  question  still  further,  perhaps  linking  up  with 
The  Iron  and  Steel  Institute  as  well,  because  in  Great  Britain  there 
was  not  that  real  co-operation  between  the  various  sides  in  regard 
to  metallography  which  was  found  abroad.  On  the  now  dark 
Continent  there  had  been  a  marvellous  collaboration  between  the 
microscope  makers  and  the  universities,  but  that  had  never  been  the 
case  here.    Now  that  the  author  had,  so  to  speak,  opened  up  the 
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possibility  of  recommended  methods  of  metallography,  there  should 
really  be  a  team  not  only  of  cast  iron  men  but  also  of  scientific 
instrument  men  to  deal  with  the  problem,  as  well  as  to  go  on  to  the 
next  stage. 

The  author's  method  of  polishuig  had  its  limitations,  and  it  was 
pointed  out  in  the  penultimate  paragraph  of  Part  I.  of  the  paper 
on  pohshing  cast-iron  micro-specimens  that  phosphoric  irons  did 
not  react  to  it  so  well  as  hematite  irons.  That  was  unfortunate, 
because  in  the  particular  work  with  which  he  personally  was  con- 
cerned the  phosphorus  always  ran  up  to  the  1^%  range,  and  it 
stood  up  proudly  when  poUshing  was  done  by  the  method  used  by 
the  author.  It  was  probably  correct  to  say  that  the  author  recom- 
mended a  hard  pressure  working  slowly,  whereas  ordinarily  at 
Doncsrster  they  Used  a  soft  pressure  worlang  quickly.  That  might 
be  too  concise  a  summary  of  the  difference,  but  it  rou^y  represented 
it;  and  with  the  high-phosphoric  irons,  after  trying  the  author's 
method,  they  still  thought  that  it  suited  them  best  to  use  the  high- 
speed method.  With  regaifd  to  the  speed,  it  would  be  useful  if, 
when  the  paper  was  printed  in  its  final  form,  the  author  would  give 
the  speed  in  feet  per  second  rather  than  revolutions  per  minute, 
because  when  wheels  could  be  of 'different  sizes  the  latter  did  not 
convey  very  much.  The  author's  work  must  certainly  be 
continued. 

Mr.  J.  G.  Peabce  (The  British  Cast  Iron  Research  Association, 
Birmingham)  remarked  that  it  might  not  be  altogether  appropriate 
for  him  to  congratulate  the  author,  but  it  was  interesting  to  recall 
that  when  the  French  metallurgical  mission  visited  the  laboratories 
of  the  British  Cast  Iron  Research  Association  in  March,  1940,  the 
leader.  Professor  Portevin,  was  very  interested  in  the  author's  work 
and  expressed  his  very  great  admiration  for  it ;  indeed,  he  offered 
to  arrange  for  its  publication. 

With  reference  to  the  paper  on  polishing,  the  speaker  thought 
it  would  be  agreed  that  in  no  country  were  finer  or  more  informative 
reproductions  of  these  structures  being  produced.  It  might  reason- 
ably be  hoped  that  the  full  explanation  of  the  technique  would 
result  in  an  improvement  in  many  of  the  micrographs  of  these  alloys 
published,  although  for  ordinary  routine  works  examinations 
simpler  procedure  might  suffice. 

So  far  as  inclusions  were  concerned,  it  was  now  known  what 
inclusions  pig  iron  and  cast  iron  contained,  although  microscopic 
evidence  could  give  no  quantitative  estimation.  He  had  Uttle  to 
add  to  what  h^  had  said  on  that  matter  in  the  Third  Report  of  the 
Oxygen  Sub-Committee,^  in  which  he  had  endeavoured  to  indicate 
a  few  points  which  might  assist  in  reconcihng  the  apparent  divergence 
between  the  results  of  Mr.  Morrogh's  work  and  that  of  Mr.  Taylor- 
Austin  ;  and  in  that  connection  he  had  been  most  interested  in  the 
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comments  made  that  afternoon  on  sub-microscopic  inclusions  in 
steels.  He  always  felt  that  metallurgists  must  suggest  with  very 
great  reluctance  the  possible  causes  of  effects  on  lines  which  relieved 
them  of  the  necessity  for  providing  any  direct  evidence,  and  that 
was  why  the  existence  of  sub-microscopic  particles  and  inclusions 
of  that  kind  required  to  be  postulated  with  very  great  care. 

The  author  had  not  dealt  with  inclusions  of  allo3dng  elements 
other  than  those  arising  from  zirconium  and  aluminium,  which  it 
was  desirable,  for  the  reasons  pointed  out  by  the  author,  to  treat 
along  with  those  of  titanium.  Titanium  inclusions  were  now 
regarded  as  perfectly  normal,  but,  with  reference  to  what  had  been 
said  by  Mr.  Turner,  it  should  be  mentioned  that  the  work  on  the 
inclusions  arising  from  alloying  elements  was  being  continued. 

The  author  did  not  deal  with  the  phosphide  eutectic  in  either 
the  binary  or  the  temarj^form,  because  it  was  not  an  inclusion ;  but 
a  great  deal  was  still  obscure  about  that  particular  conglomerate, 
and  he  would  like  to  recapitulate  a  few  points  which  might  tend  to 
confuse  what  to  some  metallurgists  was  a  perfectly  simple  matter, 
the  binary  or  ternary  phosphide  eutectic.  In  the  original  chemical 
residue  method  for  determining  inclusions,  the  alcoholic  iodine 
solvent  as  it  was  then  used  failed,  because  it  did  not  dissolve  the 
phosphide.  The  aqueous  iodine  solvent  in  its  final  form  (i.e.,  with 
various  subsequent  treatments)  was  much  more  successful,  and  it 
was  shown  in  the  Second  Report  of  the  Oxygen  Sub-Committee  ^ 
that  with  the  aqueous  iodine  solvent,  prior  to  the  treatments, 
phosphorus  remained  in  the  residue  after  the  aqueous  iodine  solution, 
and  the  quantity  of  it  was  similar  to  the  amount  of  iron  phosphide 
in  the  sample  as  recorded  by  Stead's  method,  details  of  which  were 

Slven  in  classical  papers  to  the  Institute.  Stead  declared  that 
ilute  nitric  acid  separated  iron  phosphide  from  phosphorus  in 
solution.  In  the  iron-carbon  alloys  under  consideration — pig  irons 
and  cast  irons — metallurgists  to-day  did  not  believe  that  phosphorus 
was  appreciably  in  solution,  but  the  chemical  evidence  did  suggest 
that  there  must  be  at  least  two  forms  in  which  phosphorus  was 
present.  About  a  quarter  of  it  was  soluble  in  aqueous  iodine,  and 
appeared  to  correspond  with  that  stated  by  Stead  to  be  in  soUd 
solution,  and  the  large  bulk  of  the  remainder  appeared  to  correspond 
with  Stead's  iron  phosphide.  Even  so,  there  was  still  a  small 
amount  left  in  the  residue  after  the  treatments  which  followed  the 
use  of  aqueous  iodine,  and  which  was  apparently  wholly  removed 
when  titanium  was  wholly  removed.  That  suggested  a  connection 
between  titanium  and  phosphorus.  It  was  known  microscopically 
that  there  was  evidence  of  association  between  iron  phosphide  and 
iron  carbide,  which,  with  iron,  made  up  the  ternary  phosphide 
eutectic.  There  was  chemical  evidence  to  support  that  association, 
because  in  pig  and  cast  irons  containing  carbide  the  joint  removal 

*  See  Eighth  Report  on  the  Heterogeneity  of  Steel  Ingots,  Iron  and  Steel 
InatihUe,  1939,  Special  Report  No.  25. 
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of  the  carbide  and  phosphide  was  a  veiy  much  moie  di£ScuIt  opera- 
tion than  the  removal  of  phosphide  in  the  absence  of  carbide. 

Those  points  dealt  with  what  could  not  be  regarded  strictly  as 
an  inclusion,  but  referred  to  a  subject  which  he  thought  must  be 
tackled  sooner  or  later  if  metallurgists  were  to  understand  more 
thoroughly  the  structures  and  properties  of  the  particular  range  of 
materials  in  question. 

Mr.  Vebnon  Habbobd  (Messrs.  Riley,  Harbord  and  Law, 
London)  said  the  point  that  he  wished  to  make  was  in  no  way  a 
criticism  of  the  papers,  but  was  a  suggestion  which  might  enable 
the  author  to  carry  his  very  valuable  work  a  stage  further.  He 
might  be  accused  of  going  back  to  almost  prehistoric  methods,  but 
he  thought  that,  in  view  of  the  improvea  technique  in  polisliin^, 
the  old  method  of  heat-tinting  developed  by  Stead  might  posdbqr 
give  very  valuable  information  about  the  complex  constituents  in 
cast  iron  which  were  in  question.  He  did  not  say  that  entirely 
without  evidence.  A  few  years  ago,  he  was  interested  in  certain 
constituents  of  cast  iron,  and  he  went  to  a  very  creat  deal  of  trouble 
in  polishing  specimens,  rather  on  the  lines  ouuined  in  the  paper; 
and  he  found  that,  when  heat-tinted,  they  were  capable  of  examma- 
tion  under  the  highest  power  of  the  microscope  without  the  general 
blurring  effect  iimich  was  obtained  in  the  old  days  of  onlinary 
polishing,  and  which  definitely  prescribed  a  limit  to  Stead's  very 
valuable  work  at  that  time.  It  was  not  then  found  generally 
possible  to  examine  any  heat-tinted  specimen  at  magnifications 
much  over  100  diameters.  He  did  not  Imow  whether  anything  had 
been  done  on  those  lines,  but  certainly  a  properly  polished  specimen 
was  capable  of  examination  under  high  power  when  heat-tinted, 
and  it  might  be  worth  the  author's  while  to  consider  that  method 
as  a  further  means  of  throwing  light  on  a  subject  on  which  he  had 
already  thrown  so  much. 

Mr.  A.  Allison  (J.  J.  Habershon  &  Sons,  Ltd.,  Sheffield)  said 
that  the  two  papers  presented  by  Mr.  Mon:ogh  constituted  a  valuable 
record  of  the  metallography  of  the  constituents  of  cast  iron  from 
the  three  aspects  of  preparation  of  the  specimens,  examination  of 
the  matters  found  and  verification  of  their  character. 

The  improved  technique  had  enabled  better  records  to  be  made 
of  sulphides  and  graphite  than  hitherto,  and  had  shed  further 
light  on  the  composition  and  treatment  of  cast  iron. 

With  regard  to  the  preparation  of  specimens  to  give  an  accurate 
presentation  of  graphite,  he  (Mr.  Allison)  had  outlmed  a  method  * 
which  he  was  glad  to  find  the  author  had  also  used  and  developed 
further.  Apart  from  the  method,  he  felt  that  a  certain  amount  of 
personal  skill  was  required  to  produce  really  satisfactory  results, 
and  the  present  micrographs  confirmed  this  view. 

*  A.  Alllsun,  British  Cast  Iron  Research  Association^  1929,  Bulletin  No,  23. 
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On  p.  222  p  of  the  paper  on  the  metallography  of  the  inclusions, 
referring  to  Fig.  31  showing  mixed  pearhte,  ho  was  not  sure  K 
the  author  had  made  sufficient  allowance  for  the  varying  angle 
of  section  of  the  pearlite  grains,  particularly  as  Figs.  28  and  29 
appeared  to  be  similar.  However,  Fig.  32  appeared  to  support  the 
author's  suggestion  that  a  very  small  amount  of  iron  sulphide  was 
sufficient  to  produce  a  band  of  cementite  running  through  a  pearlite 
area  under  certain  conditions  not  stated,  and  it  was  certainly  of 
importance  that  this  structure  could  be  related  to  poor  mechanical 
properties.  The  analysis  quoted  on  p.  222  p  might  be  considered  in 
conjunction  with  the  results  of  Taylor's  experiments,  ^  from  which 
it  appeared  that  the  best  mechanical  properties  of  malleable  iron 
were  associated  with  a  balanced  ratio  of  manganese  and  sulphur. 
Presumably  the  formula  Mn%  =  (S%  X  1-7)  +  0-3  was  based  upon 
the  effects  upon  the  depth  of  chill,  and  might  be  a  measure  of 
another  physical  property  of  iron  in  the  cast  srtate. 

It  might  also  be  expected  that  a  lengthy  heat  treatment  such  as 
malleable-annealing  would  enable  small  proportions  of  dissolved 
elements  to  separate  and  assume  a  stable  phase. 

Since  crystallisation  occurred  more  easily  in  the  presence  of 
nuclei,  there  was  little  cause  for  surprise  that  MnS  crystals  should 
frequently  be  seen  to  contain  a  nucleus,  nor  that  the  crystals  them- 
selves should  act  as  a  starting  point  for  graphitisation,  and  the 
author's  excellent  micrographs  illustrated  this  point  very  efficiently. 

In  his  opinion  the  paper  generally  derived  much  of  its  value 
from  being  based  upon  a  large  number  of  routine  specimens,  because 
he  felt  that  phenomena  observed  in  numerous  specimens  of  widely 
different  origin  afforded  cumulative  evidence  of  a  convincing 
character  in  support  of  the  views  expressed. 

There  was  such  a  thing  as  bulk  research  or  statistical  research. 
In  the  case  of  many  castings — chilled-iron  rolls,  for  instance — it 
''was  not  feasible  to  cut  off  a  test-piece  and  make  physical  tests 
which  could  be  related  to  service,  as  was  done  with  forgings. 
Therefore  it  was  necessary  to  employ  the  method  of  bulk  or  statistical 
research,  based  on  records  of  a  large  number  of  oases. 

He  agreed  with  the  author's  conclusion  as  to  the  unsatisfactory 
terminology  of  constituents  in  a  naturally  heterogeneous  material 
like  cast  iron  and  the  suggestion  that  such  things  as  manganese 
sulphide,  &c.,  should  be  regarded  as  minor  phases.  Also  he  had 
sometimes  wondered  if  the  exhaustive  researches  into  contained 
oxides  and  silicates  were  not  explorations  of  a  barren  field,  so  far  as 
the  ultimate  properties  of  the  material  were  concerned. 

Dr.  T.  SwiNDBN  (Member  of  CJouncil ;  The  United  Steel  Com- 
panies Ltd.,  Central  Research  Department,  Stocksbridge,  near 
Sheffield)  associated  himself  with  previous  speakers  in  congratulating 

*  E.  R.  Taylor,  Iron  and  Steel  Institute,  Carnegie  Scholarship  Memoirs^ 
1926,  vol.  15,  p.  381. 
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the  author  on  a  classical  piece  of  work,  and  expressed  his  interest  in 
two  points  which  had  already  been  made,  the  nrst  being  the  possible 
use  of  anodic  etching,  of  which  there  had  already  been  some 
experience  in  the  case  of  steel,  and  the  second  being  that  made  by 
Mr.  Pearce,  namely,  that,  having  developed  this  technique,  the 
author  could  not  be  allowed  to  stop  until  he  had  revealed  the  at 
present  sub-microscopic  inclusions. 

The  President  (Mr.  John,  Craig,  C.B.E.,  Messrs.  Colvilles,  Ltd., 
Glasgow)  congratulated  the  author  on,  while  still  a  yoimg  man, 
presenting  papers  of  such  importance.  He  was  glad  to  think,  he 
added,  that  young  men  were  coming  into  the  industry  who  early 
in  life  were  offering  such  serious  contributions  to  the  solution  of 
great  problems.       ^       * 


JOINT  CORRESPONDENCE. 

Mr.  W.  B.  Parkeb  (British  Thomson-Houston  Co.,  Ltd.,  Rugby) 
wrote  that  from  the  Introduction  to  the  paper  on  the  metal- 
lography of  inclusions  in  cast  irons  and  pig  irons  it  was  readily 
seen  that  Mr.  Morrogh  possessed  a  very  clear  and  useful  grip  of  the  . 
whole  subject  of  '*  inclusions  "  in  the  metallic  materials  with  which 
he  dealt.  The  paper  is  one  which  should  incite  all  young  foundrjr- 
men  and  foundry  chemists  to  take  more  and  more  interest  in  tlus 
subject,  as  it  was  directly  of  importance  to  their  business. 

What  was  required  was  still  more  practical  work  on  the  subject, 
which  was  unique  in  its  combination  of  pure  and  applied  metallurgy. 
For  successful  pursuit  of  the  subject  good  microscopic  equipment 
was  required,  also  the  capacity  of  close  observation,  resourcei^lness 
and  clever  personal  manipulation. 

One  of  the  most  pleasing  and  useful  features  of  the  paper  was 
Mr.  Morrogh's  careful  descriptions  of  the  metallographic  specimens 
and  the  manner  in  which  the  individual  micrographs  were  prepared. 
The  latter  made  the  paper  really  useful,  since  comparisons  could  be 
made  with  other  work,  personal  or  published.  The  micrographic 
work  was  really  excellent. 

In  the  Introduction  the  author  dealt  with  the  intricate  subject  of 
nomenclature,  which  still  required  more  study.  If  the  author's 
term  "  minor  phases  "  were  accepted  it  seemed  to  follow  that 
metallurgically  these  minor  phases  should  always  have  been  formed 
by  reactions  between  the  normal  constituents  of  molten  pig  irons, 
cast-iron  scrap  and  steel  scrap,  also  any  special  additions  that  went 
to  form  the  molten  bath  of  metal.  It  would  cut  out  **  inclusions  '* 
formed  by  added  fluxes  and  the  refractories  of  the  furnaces. 

The  majority  of  the  examples  dealt  with  by  the  author  were  of 
his  **  minor-phase  '*  type,  but  it  was  dangerous  to  limit  the  whole 
possibility  of  "  inclusions  "  in  cast  iron  and  pig  iron  to  this  defini- 
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tion.  On  the  second  page  it  wa.s  stated  that  ''  oxides  and  silicates 
.  .  .  are  virtually  non-existent  from  the  point  of  view  of  the  metal- 
lography of  ca.st  iron."  This  finding  closely  agreed  with  the  present 
writer's,  but,  as  admitted  later  by  Mr.  Morrogh,  silicates  could 
sometimes  be  found  in  cast  iron.  Experience  showed  that  this 
most  frequently  occurred  when  the  charges  had  been  rapidly 
melted,  tapped  and  used  very  soon  after  tapping.  In  these  cases 
the  silicates  were  "  slags  "  from  the  cupola,  and  it  was  doubtful 
whether  such  substances  should  be  termed  ''  inclusions  "  or  more 
justly  *'  dross!"  Old  foundrymen  always  permitted  a  "  stand- 
ing "  period  between  filling  the  ladle  and  pouring  the  castings  and 
frequently  skimmed  the  metal  twice  during  this  period.  This 
resulted  in  clean  castings.  Superheating  in  melting  was  probably 
desirable,  but  superheat  in  poured  ca.st  iron  was  seldom  desirable. 

With  further  reference  to  nomenclature  it  was  noted  that 
Boltbn's  suggestion  to  ola.ssify  inclusions  in  cast  iron  as  (1)  foreign 
and  (2)  inherent  wa.s  probably  more  practical,  but  the  word 
**  inherent "  was  rather  too  specific,  since  it  appeared  to  have  an 
implication  which  made  it  scientifically  unsound.  This  term  tended 
to  give  the  idea  of  inevitability  or  unavoidability.  Was  this  ever 
^ruly  the  case  in  foundry  practice  ?  The  writer  was  of  the  opinion 
that  it  was  not  so  with  many  "  inclusions,"  and  that  foundry 
practice  would  be  at  fault  if  daily  examinations  seemed  to  indicate 
it  to  be  so. 

On  the  fourth  page,  **  Metallography  of  Individual  Inclusion 
Groups,"  it  was  noticed  that  Group  I.,  sulphides,  did  not  include 
nickel  sulphide  or  molybdenum  sulphide.  These  seemed  desirable 
additions  to  the  scheme,  now  that  nickel-alloy  cast  irons  were  so 
common  and  molybdenum  was  increasing  in  employment.  Molyb- 
denum had  a  strong  affinity  for  sulphur. 

In  considering  the  curves  of  Fig.  1  (6)  it  should  be  noticed  that 
blast-fiimace  slag  was  used  by  Joseph  and  Holbrook  for  these 
determinations,  but  without  the  full  analysis  of  that  slag  it  could 
not  be  ascertained  whether  the  slag  was  of  strong,  medium  or  weak 
basic  reaction.  In  their  original  work  Joseph  and  Holbrook 
gave  considerable  attention  to  the  basicity  of  the  slags  that  they 
employed,  and  Mr.  Morrogh  should  supply  the  necessary  data  as  a 
footnote. 

On  p.  219  P  the  author  described  iro7i  sulphide  and  stated  that 
(according  to  the  collected  data  of  Wyckof!)  this  substance  had  a 
hexagonal  structure — and,  by  inference,  that  this  was  the  form  of 
iron  sulphide  found  in  cast  iron  and  pig  iron.  This  point  was  by 
no  means  certain,  since  there  was  a  good  chance  that  in  metals  one 
did  not  get  only  one  sulphide  of  iron,  and  this  was  especially  so  in 
malleable  cast  iron.  It  should  also  be  noted  that  the  determina- 
tions quoted  by  Wyckoff  (per  de  Jong  and  helpers)  dated  back  to 
1925-1927  and  did  not  refer  to  the  material  isolated  from  cast  iron 
or  pig  iron,  but  to  minerals.     This  point  concerning  the  form  of 
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iron  sulphide  was  raised  by  the  present  writer  in  a  report  to  the 
British  Cast  Iron  Research  Association  in  its  early  days  (1922). 
Judging  from  the  colour  of  the  sulphide  in  the  malleable  cast  iron 
then  reported  upon  there  was  a  probability  that  it  was  pyrrhotite 
(Fe-Sy).  This  formula  was  variously  written  (6FeS  +  S)  and 
JFeS  +  Sx),  which  showed  that  at  the  present  time  there  existed 
considerable  uncertainty  as  to  its  nature.    In  fact,  Wyckoff  stated  ^ : 

'*  A  striking  characteristic  of  many  of  these  substances 
(pyrrhotite-like  crystals)  is  the  ease  and  extent  to  which  they 
can  dissolve  an  excess  of  one  or  the  other  of  their  constituent 
elements." 

In  ordinary  every-day  cast  kon  and  pig  iron  it  was  highly  prob- 
able that  the  iron  sulphide  (if  present)  was  not  a  simple  substance 
of  fixed  crystalline  type;  so  precise  statements  concerning  the 
crystallographic  structure  of  any  compound  should  be  accompanied 
by  an  analysis  of  it  and  the  calculated  formula.  It  seemed  tibat  at 
one  end  of  the  scale  of  iron  sulphides  one  could  get  pyrites  (cubic), 
FeSg  (or  FeS  +  S),  or  marcasite  (rhombic),  FeSo,  troilite  (cubic  or 
hexagonal),  FeS,  and  pyrrhotite  (hexagonal),  Fe^S^.  The  matter 
could  possibly  be  settled  so  far  as  cast  iron  and  pig  iron  were  con- 
cerned by  isolation  of  the  substance,  followed  by  a  chemical  and 
X-ray  analysis. 

On  p.  220  p  the  author  made  the  statement  that  "  iron  sidphide 
can  act  as  a  nticletta  for  the  tojnper  carbon."  Now,  apart  from  the 
author's  observations  on  p.  221  p,  this  raised  a  rather  important 
question  that  so  far  had  not  been  cleared  up  in  metallurgical  sub- 
jects, namely,  could*  inorganic  substances  of  different  crystallo- 
graphic systems  induce  crystallisation  in  one  another  when  in  the 
molten  condition — i.e.,  could  they  act  a.s  "  nuclei "  to  each  other 
in  a  true  sense  ?  For  instance,  could  graphite  (hexagonal)  be  induced 
to  crystallise  by  means  of  pyrites  (cubic)  or  by  manganese  sulphide, 
MnS  (cubic)  ? 

It  might  be  surmised  as  very  probable  that  similar  crystallo- 
graphic substances  might  or  could  induce  crystallisation  in  one 
another ;  for  instance,  pjnrhotite  (hexagonal)  and  graphitic  carbon 
(hexagonal),  or  manganese  sulphide  (cubic)  and  iron  (ferrite)  (cubic). 
But  one  would  like  to  know  just  what  was  understood  or  implied 
by  the  term  "  nucleisation  **  ?  Did  the  author  intend  this  term  to 
have  the  same  significance  as  physical-crystaUographers  embodied 
in  their  term  **  germ-crystal "  ?  If  not,  exactly  what  was  the 
significance  ? 

It  must  not  be  overlooked  that  for  possibly  a  thousand  years  it 
had  been  known  that  crystals  of  inorganic  salts  from  their  saturated 

^  "The  Structure  of  Crystals*'  (American  Chemical  Society  Monograph 
Series,  No.  19).  Second  Edition,  p.  217.  New  York,  1931 :  Chemical  Catalog 
Co.,  Ino. 


METALLOQBAFHY. — JOINT  COBRESPOKDSNOB.  263  F 

aqueous  solutions  grew  upon  the  sides  of  their  container  and  upon 
anything  suspended  in  the  solution.  For  example,  clean  rods  of 
iron  suspended  verticaHy  in  saturated  aqueous  borax  solutions 
became  covered  by  large  beautiful  crystals  of  borax  (mono-symmetric 
system)  in  a  comparatively  short  time,  if  the  conditions  were 
correct. 

This  type  of  crystallisation  was,  no  doubt,  mainly  coupled  with 
temperature  gradients — ^the  rod  abstracted  heat  &om  the  vat  liquor. 
It  seemed  worth  while  to  look  more  deeply  inlo  the  so-called 
nudeisation  from  this  point  of  view — ^it  seemed  impossible  for  it 
to  be  similar  to  the  germ-crystal  ''  nucleus."  Its  study  would 
necessitate  determinations  as  to  which  of  the  constituents  involved 
solidified  first  in  the  liquid  metallic  bath,  and  whether  it  possessed 
the  same  crystal  system  throughout  the  complete  solidification  of 
the  bath.    It  might  not  do  so ! 

The  author's  discussion  od^p.  220  f-223  p  was  very  interesting  and 
suggestive  of  more  work  in  this  and  other  directions.  It  was  with 
much  pleasure  that  the  writer  congratulated  the  author  upon  his 
paper. 

Mr.  G.  F.  CoMSTOOK  (The  Titanium  AUoy  Manufacturing  Com- 
pany, Niagara  Falls,  N.Y.,  U.S.A.)  wrote  that,  after  reading  so 
much  during  the  past  five  or  ten  years  about  the  oxide  and  silicate 
inclusions  in  cast  iron,  which  could  only  be  imagined  and  were 
never  actually  seen  with  the  microscope,  it  was  refreshing  to  read 
this  excellent  paper  on  the  metallography  of  inclusions  in  cast  and 
pig  irons,  which  was  confined  to  a  realistic  view  of  the  situation. 
The  writer,  who  had  been  looking  at  the  inclusions  in  polished 
sections  of  titanium-treated  steel  and  cast  iron  through  a  micro- 
scope for  many  years,  found  nothing  of  importance  to  criticise  in 
the  paper,  and  appreciated  this  opportimity  to  congratulate  the 
Institute  and  the  author  on  the  publication  of  so  many  facts 
pertaining  to  the  metallography  of  cast  iron,  which  had  apparently 
escaped  recognition  in  some  quarters  in  the  past.  The  author 
mignt  perhaps  be  interested  in  some  comparatively  crude  illus- 
trations of  some  of  the  **  minor  constituents "  which  he  had 
described,  which  appeared  under  the  title  "  Titanium  Nitride  in 
Sted  "  in  Metallurgical  and  Chemical  Engineering,  1914,  vol.  12, 
iSept.,  No.  9,  p.  577. 

There  was  one  point  on  which  some  further  explanation  from 
the  author  would  be  helpful.  He  reported  correctly  that  titanium 
carbide  and  nitride  form  a  series  of  solid  solutions,  and  that  the 
so-called  cyano-nitride  was  not  a  definite  compound  but  merged 
gradually  into  the  carbide  when  the  nitrogen  content  decreased. 
This  involved  a  fading-out  of  the  pink  or  orange  colour,  so  that  in 
cast  iron,  where  there  was  always  plenty  of  carbon  but  not  of 
nitrogen,  typical  angular  titaniferous  crystals  of  all  shades,  varying 
from  distinct  pink  or  orange  to  white  or  pale  grey,  were  commonly 
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seen.  With  this  gradual  merging  of  the  two  types,  how  was  it 
possible  for  the  author  to  report  definite  numbers  of  crystals  per 
unit  field  of  each  type  separately,  as  in  Table  IV.,  for  instance  ? 
Was  every  crystal  with  the  slightest  trace  of  pinkish  colour  counted 
as  cyano-nitride  ?  It  would  seem  that  this  would  be  a  very  difficult 
distinction  to  make  with  any  degree  of  certainty,  and  it  was  remark- 
able that  counts  made  in  this  way  could  check  each  other,  even  if 
made  by  the  same  observer  at  different  times. 

The  evidence  for  the  higher  solid  solubility  of  titanium  carbide 
than  of  the  cyano-nitride  was  extremely  interesting  to  the  writer, 
and  more  definite  data  on  this  point  would  be  highly  desirable.         * 

Mr.  J.  A.  RoADLEY  (British  Thomson -Houston  Co.,  Ltd., 
Rugby)  wrote  that  the  polishing  technique  of  grey  cast  irons  was  a 
subject  which  had  never  been  deeply  studied  until  the  present 
paper  by  Mr.  Morrogh.  It  was  a  tmmique  which  had  aroused 
considerable  interest  at  the  B.T.H.,  Rugby,  and  had  been  studied 
very  carefully  by  the  writer  and  his  colleagues.  Although  their 
study  had  perhaps  not  been  quite  so  intensive  as  the  author's,  they 
had  nevertheless  arrived  at  practically  the  same  conclusions,  i.e., 
rubbing  with  a  series  of  emery  papers  and  finally  polishing  with 
Biamantine  powder  upon  a  wheel  covered  with  Selvyt  cloth. 
There  were  a  few  slight  differences  in  their  technique,  however, 
namely : 

(1)  They  used  four  emery  papers,  grades  \0^  \M,  0  and  00. 

(2)  Instead  of  using  a  thick  paste  of  Diamantine,  they 
soaked  the  Selvyt  cloth  with  water,  allowed  surplus  water  to 
be  driven  off  centrifugally  and  then  rubbed  dry  Diamantine 
powder  well  into  the  pile  with  the  fingers.  By  this  means, 
the  amount  of  Diamantine  powder  used  was  cut  down  to 
a  minimum.  This  was  an  important  matter  in  industrial 
work. 

(3)  After  etching,  all  further  repolishing  was  done  by  hapd, 
using  magnesium  oxide  upon  a  wet  Selvyt  clolh,  and  not  by 
machine.  They  were  inclined  to  think  that,  no  matter  how 
much  care  was  taken  when  polishing  by  machine,  a  perfect^ 
finish  was  not  easily  obtained.  When  the  very  final  polishing 
process  was  done  by  hand  the  skill  of  the  worker  had  nill  play, 
and  the  necessary  frequent  inspections  of  the  surface  were 
made  as  a  matter  of  course. 

It  was  presumed  that  when  Mr.  Morrogh  spoke  of  emery  paper 
grades  \0^  &c.,  he  meant  the  well-known  brand  of  paper,  namely^ 
French  Hubert  emery  paper.  This  should  have  been  mentioned, 
as  no  doubt  all  metallurgists  found  it  impossible  to  obtain  this 
brand  of  paper  just  now,  and  the  writer's  experience  was  that  the 
grades  of  the  papers  now  obtainable  did  not  correspond  with  the 
same  grades  of  the  Hubert  brand.     Also,  it  was  now  impossible  to 
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obtain  Diamantine  powder.  Had  Mr.  Morrogh  found  a  good  sub- 
sti^te  for  this  besides  the  magnesium  oxide  mentioned  in  his 
paper? 

It  might  interest  many  other  investigators  to  know  that  the 
B.T.H.  Research  Department  did  not  develop  this  technique  upon 
grey  cast  irons  but  on  steels,  from  which  it  was  applied  to  graphitic 
irons.  They  found  the  method  of  alternate  polishing  and  etching 
Ml  ideal  way  to  prepare  a  micro-specimen  of  steel  to  show  the 
exact  nature  and  amount  of  non-metallic  inclusions  in  it.  These 
inclusions,  of  course,  were  not  as  soft  and  friable  as  graphite  and 
therefore  did  not  need  etching  and  repolishing  so  many  times  as  a 
graphitic  iron,  but  they  had  found  it  a  very  good  plan  to  etch  and 
repolish  several  times  all  steels  containing  various  non-metallic 
inclusions,  especially  when  these  were  in  very  fine  particles  widely 
dispersed. 

In  his  conclusion,  Mr.  Morrogh  stated  that  this  type  of  technique 
should  be  adopted  in  the  preparation  of  specimens  taken  from  nearly 
every  t3rpe  of  ferrous  and  non-ferrous  alloy.  This  was  a  statement 
which  they  at  Rugby  very  heartily  endorsed,  as  the  results  obtained 
were  well  worth  the  Httle  extra  time  and  trouble  involved. 

Part  n.  of  Mr.  Morrogh's  first  paper  was  certainly  a  very  strong 
recommendation  to  Part  I.,  as  it  was  hard  to  imagine  anyone  pro- 
ducing better  micrographs  of  grey  cast  iron  than  those  obtained  by 
the  author  from  his  specimens  prepared  by  using  his  new  technique 
of  polishing. 

Mr.  Morrogh's  remarks  upon  the  structure  of  the  graphite  flakes 
were  indeed  very  enlightening,  and  he  was  to  be  congratulated 
upon  the  efficient  way  in  which  he  had  dealt  with  the  subject.    . 

It  was  of  very  great  interest  to  the  writer  that  once  more  the 
use  of  polarised  light  had  been  introduced  into  a  metallographic 
investigation,  as  it  was  his  belief  that  polarised  light  could  be  much 
more  widely  employed  in  this  branch  of  science  than  it  had  been 
to  date,  especially  in  the  study  of  inclusions  in  steels  and  also  in  the 
study  of  intermetaUic  constituents  in  non-ferrous  alloys  such  as 
in  the  aluminium  light-alloy  type  of  metals. 

Referring  to  the  paper  on  the  metallography  of  inclusions 
Mr.  Roadley  wrote  that  the  Introduction  showed  that  the  author 
had  made  a  very  wide  and  comprehensive  study  of  all  the  informa- 
tion available  upon  the  nature  and  character  of  inclusions  or  **  minor 
phases  "  in  cast  iron  and  also  steel. 

The  arbitrary  groups  into  which  the  iAclusions  had  been  classified 
by  the  author  were  based  upon  the  more  evident  of  their  charac- 
teristics, and,  although,  as  stated  by  the  author,  they  did  not  solve 
the  ultimate  identity  of  the  inclusions,  yet  they  did  form  a  very 
useful  primary  test. 

It  was  Group  II.,  pink  inclusions,  in  which  the  writer  was  most 
directly  interested.  It  had  been  the  writer's  great  privilege  to  visit 
Mr.  Morrogh  at  the  British  Cast  Iron  Research  Association  labora- 
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lories  at  Birmingham  during  the  course  of  this  work  and  to  collabo- 
rate with  him  in  some  small  way  upon  the  question  of  titanium 
inclusions.  Although  the  writer  was  studying  the  titanium  inclu- 
sions in  a  very  complex  alloy  steel  and  the  author  was  solely 
engaged  upon  cast  iron,  close  agreement  was  obtained  in  the 
majority  of  cases. 

Dunng  this  short  visit  to  Birmingham  the  writer  noticed  that 
the  author  was  carrying  out  his  work  with  a  Vickers  projection 
microscope  and  malung  his  observations  through  the  visual  part 
of  the  apparatus.  The  writer  was,  during  much  of  this  investiga- 
tion, employing  the  same  model  of  Vickers  microscope  but  with  a 
proper  graduated  eye-piece  analyser  on  loan  from  Mr.  W.  B.  Parker. 
This  eye-piece  differed  slightly  from  that  used  by  Mr.  Morrogh  in 
that  it  was  fitted  with  a  nicol  prism  for  the  analyser  as  contrasted 
with  the  "  film  "  type  used  by  the  B.C.I.R.A. 

When  the  same  sx)ecimens  of  steel  were  examined  at  Rugby, 
less  definite  results  were  obtained  than  with  the  "  film-t3rpe " 
analyser.  This  was  more  noticeable  in  the  case  of  the  titanium 
sulphide  inclusions.  The  change  in  colour  from  blue  to  pink  or 
vice  versa  described  by  the  author  was  very  indecisive  indeed  and 
in  many  specimens  which  had  definitely  shown  the  change  at 
Birmingham  it  was  doubtful  whether  the  change  did  take  place  at 
all  at  Rugby.  It  appeared  to  be  partly  a  personal  equation,  since 
some  of  the  writer's  colleagues  who  were  consulted  stated  there 
was  a  change  and  others  that  there  was  none.  It  must  be  remem- 
bered here  that  the  inclusions  in  the  alloy  steel  examined  by  the 
writer  were  very  minute  indeed  and  could  in  no  way  be  compared 
in  size  with  those  obtained  by  Mr.  Morrogh  in  his  specially  prepared 
cast  irons,  but,  nevertheless,  a  definite  uncertainty  occurred  in  the 
results  obtained  upon  the  same  micro-specimen  of  steel  using  the 
two  different  instrumente. 

Later  on  the  subject  was  discussed  with  a  representative  of  the 
makers  of  the  Vickers  projection  microscope  and  the  question  of  the 
eye-piece  for  use  with  polarised  light  was  specially  dealt  with. 
The  writer  was  then  informed  that  when  the  direct  visual  part  of 
the  instrument  was  used,  the  apparatus  was  very  definitely  not 
suitable  for  work  with  polarised  light,  owing  to  the  fact  that  a  glass 
reflector  had  to  be  used  to  reflect  the  Ught  into  the  eye-piece.  The 
writer  now  had  at  his  disposal  an  older  microscope  of  the  Watson 
series  which  had  recently  been  fitted  with  a  nicol  prism  polariser, 
and  an  analyser,  to  continue  the  work.  Unfortunately  pressure  of 
other  work  had  prevented  him  from  doing  much  as  yet.  Had 
Mr.  Morrogh  made  any  modifications  upon  his  microscope  to  over- 
come the  above  difficulty  of  the  reflector  ? 

The  method  of  preparation  of  the  B.C.I. R.A.  samples  containing 
these  pink  to  blue  inclusions  left  no  doubt  that  they  were  titanium 
,  sulphide  and  that  their  formation  was  due  to  insufficient  manganese 
being  added  to  the  melt  to  desulphurise  the  metal. 
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In  the  highly  alloyed  wrought  steel  examined  by  the  writer  the 
inclusions  found  were : 

(1)  Grey  cubic  crystals  of  titanium  carbide. 

(2)  Salmon-pink  cubic  crystals  of  titanium  cyano-nitride. 

(3)  Blue  to  pink  needle-like  crystals  of  titanium  sulphide. 

(4)  Golden-yellow  cubic  crystals. 

The  last-named  crystals  seemed  to  agree  with  the  properties  of  pure 
titanium  nitride,  and  yet  it  seemed  improbable  that  free  titanium 
carbide  and  titanium  nitride  would  occur  with  titanium  cyano- 
nitride  (a  solid  solution  of  the  two)  in  the  same  metal.  Had  the 
author  ever  encountered  this  golden-yellow  crystal,  and,  if  so, 
what  were  his  vi^rws  upon  the  subject  ? 

On  p.  237  P  the  author  quoted  Tofaute  and  Biittinghaus  to  the 
effect  that  titanium  carbide  was  appreciably  soluble  in  austenite. 
These  authors  were  investigating  the  pure  iron-titanium  alloys 
with  and  without  carbon.  The  temperature  required  to  get  the 
y  phase  in  such  materials  was  high,  and  the  point  to  note  was  that 
the  observations  only  concerned  rather  high  temperatures. 

Mr.  Morrogh  then  mentioned  the  results  of  an  experiment 
carried  out  at  the  B.C.I.R.A.  to  determine  the  solubility  of  titanium 
carbide  (TiC)  in  austenite  at  temx)eratures  between  800^  and  1000^ 
C.  Again,  in  this  experiment,  the  austenite  was  of  the  pure  or 
unstable  variety.  Such  conditions  were  seldom  met  with  in  com- 
mercial titanium-containing  wrought  steels,  and  it  seemed  to  the 
writer  that  titanium  carbide  was  scarcely  soluble  in  alloyed  or 
stabilised  austenite  at  room  temperature. 

The  wrought  alloy  steels  investigated  at  the  British  Thomson- 
Houston  Co.  all  contained  considerable  percentages  of  chromium 
and  nickel — as  was  seen  from  the  typical  analysis  given  below : 

Typical  Aficdyais  of  a  Wrought  Alloy  Steel  Examined. 


CfiM>bon 

.     008% 
.     0-28% 
.     0-24% 
.     002% 

Phosphorus 

.      Trace 

Molybdenum    . 

4310/^ 

Silicon 

Titanium 

.    or,i% 

Copper    . 

4-47% 
002% 

Mancaneso 
Sulphur    . 

Nickel 

.    1700% 

Aluminium 

Chromium 

.    13-87% 

Taking  this  analysis,  if  all  the  carbon  reported  was  present  as 
titanium  carbide,  there  would  be  0-4%  of  TiC  by  weight.  Since 
there  was  probably  some  carbon  dissolved  in  the  austenite  per  se, 
the  true  content  of  titanium  carbide  would  be  less  than  0-4%,  and, 
judged  by  the  microstructure  and  the  specific  gravity  of  TiC,  the 
amount  of  it  precipitated  out  of  solution  was  estimated  as  over  0-3% 
of  TiC  by  weight,  indicating  that  titanium  carbide  was  not  very 
soluble  in  alloyed  (stabilised)  austenite. 

It  therefore  behoved  all  writers  upon  the  subject  to  quote  the 
analysis  of  the  specimens  discussed  and  thus  to  leave  no  doubt  upon 
such  important  points  as  the  type  of  austenite  investigated. 
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With  regard  to  the  general  characteristics  of  titanium  sulphide, 
the  writer  found  those  in  the  steel,  which  was  in  the  hot-forged 
condition,  to  be  in  perfect  agreement  with  those  found  by  the  author 
in  the  cast  irons.  They  were  in  the.  form  of  long  thin  needles 
(there  was  not  sufficient  present  to  form  groups  of  parallel  lamelke), 
tending  to  become  bulbous  at  the  ends  and  also,  in  many  cases, 
appearing  to  be  in  process  of  breaking  up. 

It  would  be  seen  that  in  this  steel  there  was  insufficient  man- 
ganese to  neutralise  completely  the  sulphur  in  the  form  of  man- 
ganese sulphide,  as  the  product  of  Mn%  x  S%  was  only  0'0048, 
which  was  very  much  lower  than  the  value  of  0-03  found  by  Herty 
and  Gaines. 

On  p.  225  p,  the  author  mentioned  that  Blair  ai^l  Shimer  observed 
a  sulphide  with  a  bronze  colour  which  was  suggested  by  Portevin 
and  Castro  to  be  titanium  sulphide  more  or  less  contaminated  with 
carbide.  Could  JVIr.  Morrogh  reproduce  this  sulphide?  The  steel 
examined  by  the  writer  contained  an  abundance  of  titanium  carbide 
inclusions,  but  there  was  no  sign  of  this  bronze  sulphide.  Mr. 
Morrogh  also  showed  micrographs  of  titanium  carbide  associated 
with  titanium  sulphide,  but  each  was  present  as  a  separate  con- 
stituent, see  Figs.  47  and  50. 

In  Group  IV.,  inclusions  produced  by  aUoying  with  zirconium, 
the  author  obtained  close  agreement  in  his  observations  with  Urban 
and  Chipman,  and  with  Portevin  and  Castro,  but  in  one  detail  it 
seemed  that  a  rather  important  fact  mentioned  by  Urban  and 
Chipman  had  been  ignored  by  Portevin  and  Castro  and  also  by 
Mr.  Morrogh.  The  seditions  of  zirconium  were  brought  about  by 
adding  ferro-silicon-zirconium  (iron  8-25%,  siHcon  50%,  zirconium 
38-8%)  and  therefore  more  silicon  was  added  than  zirconium,  but 
when  the  nature  of  the  inclusions  produced  was  studied,  the  action 
of  this  silicon  was  not  mentioned.  Might  not  these  inclusions  be 
something  more  than  simple  zirconium  sulphide  and  carbide  ?  Had 
one  proof  that  rather  complex  compounds  associated  with  the 
silicon  were  not  formed,  or  that  zircon  (silicate  of  zirconium)  was 
not  present  ? 

In  alloy  steels  one  was  now  also  concerned  with  the  presence  of 
niobium  (columbium) — and  so  the  work  became  more  and  more 
complex  and  interesting. 

In  conclusion,  the  writer  would  like  to  congratulate  Mr.  Morrogh 
very  heartily  upon  his  remarkable  photomicrography  and  on  the 
vast  amount  of  very  useful  information  included  in  his  papers. 

Mr.  J.  V.  Hardwick  (British  Thomson -Houston  CJo.,  Ltd., 
Rugby),  referring  to  the  paper  on  the  polishing  of  cast-iron  micro- 
specimens,  wrote  that  Mr.  Morrogh  was  to  be  congratulated  upoti 
the  technique  that  he  had  developed  in  the  preparation  of  his 
samples  for  micro-examination.  The  high  quality  of  the  micro- 
graphs clearly  showed  the  value  of  his  metho<l. 
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The  method  used  by  Mr.  Morrogh  had  been  in  regular  use  in 
the  B.T.H.  Research  Laboratory  for  several  years  with  slight 
modifications  for  the  different  types  of  steel  and  non-ferrous  alloys 
met  with  in  industry.  The  preparation  of  micro-specimens  of 
ferrous  and  non-ferrous  metals  and  alloys  required  a  certain  degree 
of  skill  and  experience  if  misleading  results  were  to  be  avoided. 

Probably  the  most  difficult  type  of  steel  to  prepare  for  micro- 
scopical examination  was  the  medium-carbon  type  in  the  normalised 
condition  with  a  carbon  content  of  approximately  0-40%  and 
manganese  0'6-0-8%.  In  the  writer's  experience  the  repeated  or 
alternate  polishing  and  etching  method  of  finishing  off  micro-sections 
of  this  class  of  steel  in  particular  was  essential  if  a  true  picture  of 
the  quantity  and  the  type  of  non-metallic  impurities  was  to  be 
obtained.  However  carefully  the  specimen  was  prepared  some 
Bur£ace  "  fiow  *'  of  the  soft  ferritic  portion  of  the  structure  took 
place  and  tended  to  smear  over  the  very  minute  slag  particles  which 
were  usually  present  in  the  ferrite.  After  one  or  two  treatments 
by  the  alternate  polishing  and  light  etching  treatment  (using  1^% 
nitric  acid  in  alcohol,  followed  by  hand-polishing  on  Selvyt  im- 
pregnated with  well-ignited  heavy-magnesia /water  paste)  it  was 
usually  foimd  that  very  minute  slag  particles  were  revealed  which 
were  previously  covered  up.  The  edges  of  the  larger  visible  slag 
grains  were  also  noticeably  cleared  up  by  this  treatment,  and  a 
perfect  surface  resulted.  This  final  polished  surface  was  more 
easily  photographed  and  the  subsequent  etching  of  the  structure 
more  imiform  than  on  the  surface  taken  directly  from  the  revolving 
polishing  block  using  Diamantine. 

At  the  present  time  when  Diamantine  powder  was  almost  un- 
obtainable the  alternate  polishing  and  etching  method  was  more 
neoessary  than, ever.  More  surface  '*  flow  "  took  place  when  using 
substitute  powders  for  Diamantine,  since  they  did  not  appear  to 
have  the  cutting  ability  without  scratching  associated  with  Diaman- 
tine. This  might  possibly  be  overcome  by  heating  the  oxide  (of 
aluminium)  to  a  high  sintering  temperature,  thus  making  it  crystalline 
AljOs. 

In  the  above  type  of  steel,  carefuUy  prepared,  the  condition  of 
the  surface  was  similar  to  that  shown  by  the  cast  irons  prepared  by 
Mr.  Morrogh,  that  was  to  say,  the  inclusions  were  below  the  general 
level  of  the  surface  as  produced  by  the  higher-speed  poHshing  by 
wheels,  and  the  alternate  polishing  and  etching  lowered  the  general 
surfiEtce  and  so  revealed  the  minute  slag  grains. 

A  modification  of  the  above  method  had  been  found  necessary 
when  dealing  with  certain  types  of  alloy  steels,  e.g.,  the  stable 
austenitic  type  showing  hard  free  carbides.  When  the  surface  of 
such  a  steel  was  examined  directly  from  the  polishing  block  it  was 
usually  found  that  these  hard  carbides  were  in  relief  to  the  general 
surface. 

Before  the  alternate  poHshing  and  etching  treatment  was  adopted, 
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therefore,  the  writer  had  been  in  the  habit  of  very  lightly  and  care- 
fully regrinding  the  specimen  on  a  well-used  Hubert  00  emery  paper 
and  then  repoHshing  on  the  block  with  Diamantine.  This  operation 
levelled  down  the  hard  carbides,  and  then  the  surface  was  ready 
for  the  alternate  polishing  and  etching  treatment.  The  harder 
types  of  steels  were  much  less  troublesome  to  prepare^  but  they  were 
all  finally  treated  by  the  alternate  polishing  and  etching  method. 
AUoy  cast  irons  were  similar  to  the  alloy  st^ls  when  free  carbides 
were  present. 

A  ferrous  specimen  so  treated  would  respond  much  more  readily 
to  a  carbide  etching  reagent  than  one  which  nad  been  etched  directly 
from  the  polishing  block.  The  removal  of  the  microscopioai 
"flowed"  layer  ("amorphous  layer")  from  the  surface  of  the 
specimen  no  doubt  explained  this  action,  and  very  minute  carbides 
could  reiuiily  be  seen. 

In  the  writer's  opinion  the  preparation  of  microsections  should 
never  be  rushed,  especially  in  the  first  operation  of  cutting  the 
section  from  the  piece.  Very  careful  wet-grinding  or  filing  of  the 
cut  surface  to  be  prepared  should  be  done  before  the  emery  papers 
were  used,  to  ensure  complete  removal  of  the  distorted  layer  formed 
during  the  cutting  of  the  section.  The  retention  of  any  part  of  this 
layer  made  the  specimen  useless  for  microscopical  examination  in 
research  work. 

The  best  possible  surface  finish  should  be  the  aim  in  every  case, 
since  very  misleading  results  were  so  very  easily  produced. 

Dr.  H.  A.  Schwartz  (The  National  Malleable  and  Steel  Castings 
Company,  Cleveland,  Ohio,  U.S.A.)  wrote  that  in  his  paper  on  the 
metallography  of  inclusions  the  author  dealt  in  detail  yith  many 
types  of  inclusions.  This  discussion  was  limited  to  those  of  which 
the  present  writer  had  special  knowledge.  The  relation  of  sulphide 
inclusions  to  the  form  and  location  of  graphite  nuclei  was  interesting 
and  important  to  those  studying  the  graphitising  process.  In  this 
field  the  author  presented  some  beautiful  micrographs  and  some 
interesting  observations. 

The  author's  discussioQ  directed  attention  to  the  possibihty 
that  all  graphite  might  be  nucleated  by  sulphides.  This  assump- 
tion was  in  no  wise  contradictory  to  the  i;*Titer's  well-supported 
observation  which  was  much  more  than  a  "  claim  "  that  nodules 
always  formed  first  at  austenite-cementite  interfaces.  It  was 
entirely  likely  that  sulphides  should  form  predominantly  in  such 
locations,  which  would  completely  harmonise  the  views  of  the 
author  and  of  this  commentator. 

Carbon  nodules  of  the  "  spherulite  **  type  were  habitually 
observed  in  the  blackheart  graphitising  process  if  that  process 
were  conducted  throughout  below  A ^  or  if  the  white  cast  iron  had 
been  prequenched  before  graphitisation.  The  writer  suspected  that 
the  two  forms  of  nodules  were  related  to  the  graphitising  rate  and 
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conditions  and  only  indirectly  to  the  type  of  sulphide.  It  was,  of 
course,  well  known  that  iron  of  a  composition  to  precipitate  iron 
sulphide  graphitised  but  relatively  slowly. 

It  was  suggested  that  the  relation  between  the  crystallisation 
rate  of  graphite  and  the  migratory  rate  of  carbon  under  given 
conditions  might  be  significant  in  this  respect. 

This  commentator  was  not  prepared  to  accept  any  assertions 
involving  the  graphitisation  in  situ  of  cementite  until  some  explana- 
tion was  offered  as  to  how  the  resulting  carbon,  which  occupied 
only  about  one-fifth  of  the  volume  of  the  original  carbide,  could 
form  a  pseudomorph  of  cementite.  Indeed,  there  was  no  apparent 
reason  to  regard  the  graphite  particle  in  Fig.  28  as  pseudomorphic 
with  cementite  and  hence  to  conclude  that  the  sulphide  was  within, 
rather  than  on,  the  surface  of  the  latter. 

The  coarsely  divorced  pearlite  discussed  by  the  writer  was  not 
unfamiliar  to  those  who  had  examined  difficultly  '*  annealable  " 
blackheart  malleable.  It  sometimes  occurred  under  conditions  of 
high  sulphur,  but  also  under  other  conditions  suspected  to  be 
related  to  an  abnormal  oxygen  content. 

The  author's  paper  dealing  with  the  polishing  technique  which 
produced  his  micrographs  of  graphite  should  prove  an  important 
contribution  in  a  field  in  which  progress  had  been  rapid  in  the  last 
few  years. 

If  the  author's  observations  regarding  other  inclusions  were  as 
thought-provoking  as  those  regarding  the  sulphides,  his  paper  might 
prove  a  milestone  from  which  much  progress  would  be  measured. 

Dr.  A.  L.  NoBBUBY  (Research  Department,  Woolwich)  wrote 
that  the  excellent  and  informative  micrographs  in  the  two  papers 

r\e  for  themselves.  In  congratulating  ]^.  Morrogh  on  a  first- 
8  piece  of  work,  it  was  appropriate  also  to  congratulate  Mr. 
L.  W.  Bolton,  who,  as  Mr.  Morrogh's  predecessor  in  micrographical 
work  at  the  British  Cast  Iron  Research  Association,  had  advanced  the 
work  to  the  position  from  which  further  advances  had  been  so  ably 
made  by  Mr.  Morrogh. 

Markings  in  graphite  flakes  had  been  attributed  by  Hanemann 
and  Schrader  to  strain  effects,  but  this  explanation  was  not  well 
established.  Had  Mr.  Morrogh  tried  straining,  at  a  high  tem- 
perature, a  piece  of  cast  iron  containing  graphite  flakes  free  from 
markings  ? 

The  markings  might,  alternatively,  result  from  the  manner  in 
which  the  graphite  flakes  were  formed.  Certain  "  kish  "-graphite 
flakes  had  been  found  by  chemical  analysis  to  contain  as  much  as 
about  30%  of  iron,  which  possibly  resulted  from  liquid  entrapped 
during  the  aggregation  of  smaller  flakes. 

The  different  temi)er-carbon  structures  in  Figs.  22  and  23  of 
the  "  inclusions  "  pai)er  were  attributed  by  Mr.  Morrogh  to  the 
presence  of  iron  sulphide  in  the  former  and  to  manganese  sulphide 
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in  the  latter.  It  should  be  ascertained  that  the  different  structures 
were  not  the  result  of  differences  in  the  stability  of  the  carbide  as 
affected  also  by  the  siUcon  content  and  the  chemical  composition 
of  the  white  iron  as  a  whole.  The  type  of  pearlite  shown  in  Figs. 
31  to  34  of  the  same  paper  was,  he  (the  writer)  suggested,  better 
described  as  carbide-rich  than  as  fine. 

Mr.  Morrogh's  work  had  advanced  the  study  of  inclusions  in 
cast  iron  very  considerably  and  had  taken  it  to  the  stage  at  which 
information  on  oxide-containing  inclusions  was  now  urgently 
required.  There  was  a  good  deal  of  evidence  that  such  inclusions 
were  formed  in  molten  cast  iron  imder  certain  conditions.  For 
example,  the  oxidation  products  of  aluminium  in  molten  cast  iron 
could  make  the  metal  pasty,  like  honey,  at  temperatures  well  above 
the  metal's  freezing  point.  SiUcates  also  were,  presumably,  being 
continuously  generated  in  molten  cast  iron  in  certain  industriiJ 
processes. 

There  was  also  evidence  that  the  above  oxidation  products 
rapidly  aggregated,  possibly  &om  a  very  fine  initial  condition,  and 
tended  to  float  out  of  the  molten  metal. 

It  was  to  be  hoped  that  work  would  be  continued  on  the  deliberate 
synthesis  and  study  of  such  oxygen-containins  inclusions  in  com- 
positions of  iron  free,  in  the  early  experiments,  from  other  inclusions 
and  from  graphite.  m 

Mr.  J.  C.  Booth  (The  Lancasliire  Steel  Corporation,  Ltd.,  Irlam, 
Manchester),  discussing  the  metallography  of  inclusions  in  cast  iron, 
wrote  that  the  construction  of  a  suitable  and  elastic  framework  into 
which  the  known  and  the  hitherto  unknown  inclusions  could  be  fitted 
was  difficult.  It  was  compUcated  by  the  facility,  possessed  by  most 
inclusion-forming  materials,  with  which  solid  solutions  of  many 
components  were  formed  the  composition  of  which  made  indis- 
putable identification  almost  impossible.  The  petrologist's  classi- 
fication did  not  offer  much  substantial  help,  for,  whereas  his 
structures  were  the  result  of  heat,  pressure  and  crystallisation  over 
a  period  of  time  measured  in  geological  units,  the  mineral  inclusions 
of  ferrous  metallography  formed  in  minutes  or,  at  the  most,  hours, 
little  time  being  allowed  for  differential  crystallisation.  Whether  a 
given  inclusion  would  ultimately  occur  as  an  allotriomorphic  or 
idiomorphic  crystal  or  merely  as  a  glass  depended  upon  the  con- 
ditions prevailing  at  the  time  of  formation.  Since  the  development 
of  characteristic  external  symmetry  was  governed  largely  by  the 
purity,  the  temperature  of  formation,  the  mechanical  strength  of  the 
growing  crystal,  the  interfacial  tension  between  the  embryo  cr3rstal 
and  the  melt,  and  the  conditions  of  crystaUisation  of  the  surrounding 
matrix,  a  change  of  external  form  was  to  be  anticipated  when  any 
of  the  above  conditions  were  varied.  The  internal  symmetry 
depended,  among  other  things,  upon  the  speed  of  cooling — that  was, 
whether  opportunity  was  given  for  nucleation  and  crystal  growth. 
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Therefore,  the  optical  reaction  of  an  inclusion  might  be  affected  by 
the  rate  at  which  it  had  cooled  and  its  identity,  based  on  the  use 
of  polarised  light  alone,  uncertain.  The  effect  of  cooling  speed  on 
crjTstallisation  was  regularly  seen  in  sections  taken  from  various 
parts  of  steel  ingots.  The  skin  sections  often  showed  a  glassy  type 
of  inclusion,  whilst  those  taken  from  more  central  regions  indicated 
a  progressive  state  of  crjrstallisation. 

Dark-ground  (conical)  illumination  could  be  employed  to 
supplement  the  use  of  polarised  light.  Under  certain  conditions 
manganese-rich  sulphide  showed  a  reflex  the  colour  of  which  varied 
&om  a  light  brownish-yellow  to  a  blood  red,  whereas  iron-rich 
sulphide  was  always  dark.  Inclusions  with  the  red  coloration  had 
been  foUnd  most  abundant  in  steels  and  certain  irons  with  a  high 
copper  content. 

One  was  left  in  some  doubt  as  to  whether  the  manganese-rich 
sulphide  dendrites  seen  in  cast  iron  had  really  cr3rstalUsed  &om  low- 
temperature  solution  as  suggested;  this  would  seem  to  imply  a 
greater  solubility  in  the  iron  than  was  at  present  accepted.  Was  it 
not  possible  that  movement  of  semi-solid  sulphide  had  been  directed 
by  the  growing  primary  austenite  dendrites  and  finally  trapped  and 
consoHdated  in  the  interstices,  where,  by  virtue  of  their  position, 
they  appeared  as  dendrites?  Some  support  for  this  mechanism 
was  afiiorded  by  the  statement  in  the  last  paragraph  of  p.  216  F, 
continued  on  p.  217  p,  where  it  appeared  that  the  external  form  of  the 
sulphide  was  governed  by  the  size  and  shape  of  the  primary  austenite. 

The  theory  that  iron  sulphide  nucleated  the  temper  carbon  in 
whiteheart  malleable  iron  was  interesting.  Assuming,  as  stated, 
that  the  sulphide  was  in  solution  at  the  annealing  temperature,  what 
explanation  did  the  author  offer  for  the  mechanism,  since,  according 
to  modem  X-ray  work,  when  a  compound  molecule  dissolved  in  a 
solvent  its  identity  was  lost  ?  In  many  high-sulphur,  low-manganese 
irons,  the  free  sulphide  was  present  in  the  carbide.  It  was  con- 
ceivable that  graphitisation  might  be  induced  by  nucleisation  at 
the  perphery  of  a  carbide  globule  and  crystallisation  proceed 
towards  the  centre.  If  the  globule  contained  sulphide  involution 
this  would  be  concentrated  and,  on  cooling,  precipitated  near  the 
centre  of  the  sphere.  If  the  seeding  took  place  at  the  boundary  of 
the  carbide,  the  final  structure  of  the  nodule  would  depend  upon  the 
number  of  nuclei  formed  per  unit  of  time  and  the  linear  velocity  of 
cr3rstaUisation.  A  measure  of  support  for  this  view  was  given  in 
F^s.  22  and  24,  where  there  was  a  difference  in  the  number  and 
size  of  the  radial  crystaUites  of  temper  carbon  which  could  be 
ascribed  to  different  rates  of  nucleisation  and  growth.  Experi- 
mental evidence  of  this  view  could  be  obtained  by  so  altering  the 
annealing  conditions  as  to  induce  changes  in  the  rate  of  nucleisation. 

Mr.  H.  H,  Shephebd  (Messrs.  Crane,  Ltd.,  London)  offered  his 
congratulations  to  Mr.  Morrogh,  not  only  on  the  excellent  work 
1941— i  T 
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which  these  two  papers  revealed  &om  the  point  of  view  of  the 
subject  in  general,  but  also  on  account  of  the  very  clear  and  oondse 
^  way  in  which  the  subject  matter  had  been  set  down.  He  was  sure  that 
everyone  would  agree  that  the  micrographs  were  of  the  very  highest 
order ;  perhaps  the  best  tribute  would  be  to  say  that  they  repre- 
sented splendid  examples  of  the  metallographists'  art. 

These  remarks  were  in  themselves  a  tribute  to  the  great  care  and 
attention  which  the  author  had  given  to  the  development  of  high-class 
technique  for  the  polishing  of  oast-iron  specimens,  as  set  out  in  the 
first  paper. 

With  regard  to  the  metallography  of  inclusions  in  cast  irons  and 
pig  irons,  in  the  Introduction  the  author  stated  that  '*  while  oxides 
and  silicates  are  very  important  inclusions  in  steels,  they  are  virtuaUy 
non-existent  &om  the  point  of  view  of  the  metallography  of  cast 
iron."  This,  to  the  writer,  seemed  to  be  somewhat  dogmatic  and 
tended  to  contradict  views  which  had  been  expressed  from  time  to 
time,  that  hard  ''  blowing  "  or  excessive  air  supply  to  a  cupola 
melting  cast  iron  was  apt  to  give  rise  to  oxide  inclusions  in  cast 
irons,  especially  those  of  the  low-silicon  and  moderately  low- 
manganese  type,  such  as  the  white  irons  for  the  production  of 
malleablo  castings.  Again,  from  a  consideration  of  the  machine- 
ability  of  ordinary  grey  cast  irons,  there  would  appear  to  be  some 
support  for  these  views. 

As  to  the  appearance  of  iron  oxide  in  cast  iron,  the  writer  had, 
in  his  firm's  metallography  laboratory,  fix>m  time  to  time  examined 
portions  of  cast-iron  chills  which  had  been  bmnt  as  the  result  of 
repeated  use,  and  he  thought  they  were  able  to  identify  iron 
oxide  by  means  of  polarised  Hght,  when  it  appeared  an  orange- 
yellow  colour.  The  writer  would  appreciate  Mr.  Morrogh's 
observations  on  this. 

On  p.  209  Preference  was  made  to ''border-line  compositions  .  .  . 
where  particles  of  moulding  sand  have  been  included  at  the  edge  of 
the  castings,  the  metal  in  the  immediate  vicinity  of  the  inclusions 
t^nds  to  solidify  grey."  This  phenomenon  had  been  repeatedly 
observed  by  the  writer  in  connection  with  maUeable  castings.  He 
had  also  found,  as  had  other  investigators,  that  iron  oxide  had  an 
appreciable  influence  in  this  direction;  for  example,  in  pouring 
chUl  test  blocks  for  the  purpose  of  controlling  the  fracture  of  white 
iron  produced  by  cupolas  for  malleable  castings,  if  the  pourer  used 
a  dirty  ladle — that  was  to  say,  a  ladle  with  a  heavy  iron-oxide 
coating  or  scale— then  the  chill  test  would  almost  invariably  show 
up  much  more  mottled,  to  even  a  heavy  grey  fracture,  than  would 
be  the  case  if  the  metal  were  poured  fix>m  a  clean  ladle.  The  writer 
believed  it  was  Boegehold,  the  American  investigator,  who  showed 
very  clearly  that  iron  oxide  had  an  important  influence  in  the 
direction  of  inoculating — as  it  were — ^a  white  iron  to  give  a  more 
mottled  iron. 

On  p.  219  P  it  was  stated  that  at  least  two  different  forms  of 
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temper-carbon  nodules  could  exist  in  malleable-iron  samples, 
namely  spherulitic  and  also  what  may  be  termed  ''  aggregated." 
This  was  particularly  interesting,  because  the  writer  a  considerable 
time  ago  satisfied  himself  that  high  manganese  or  excess  manganese 
over  the  sulphur  balance^gave  this  flake-like  aggregated  temper 
carbon  and  was  of  course  associated  with  low  mecl^nical  properties 
in  the  malleable  cast  iron. 

Finally,  with  regard  to  the  statement  on  p.  220  p  that "  when  the 
white  iron  used  for  the  manu£Gkcture  of  whiteheart  malleable  is 
poured  at  a  fairly  high  temperature,  the  resultant  malleable  iron 
irequently  contains  groups  of  spherulitic  temper  carbon  joined 
together  forming  an  sJmost  continuous  and  straight  bwd  of 
graphite,"  the  writer  had  also  observed  this  in  connection  with  the 
manufacture  of  blackheart  malleable  cast  iron  and  had  long  asso- 
ciated it  with  excessive  pouring  temperatures.  It  was,  of  course, 
much  more  dangerous  to  have  this  type  of  temper  carbon — so  well 
illustrated  in  Fig.  25 — ^present  in  blackheart  malleable  iron  than  in 
whiteheart. 


AUTHORS  REPLY. 

(Up.  A  to  J  -  PlatM  XLVUa  and  XLVIlB.) 

Mr.  MoBBOQH  wrote  that,  before  replying  to  the  points  raised 
in  the  discussion,  he  would  like  to  thank  the  various  contributors 
for  their  kind  appreciation  of  the  work  dealt  with  in  these  two 
papers. 

Dealing  with  the  comments  made  by  Dr.  Hurst,  it  could  be 
said  very  definitely  that  in  the  polishing  process  described  the 
polishing  powder  was  in  no  way  embedded  in  the  graphite  flakes. 
If  by  chance  any  fine  pcuiiicles  of  polishing  powder  were  left  on  the 
specimen,  then  it  woiild  not  etch  correctly  and  a  deep  stain  was 
j^roduced,  which  obliterated  the  true  structure.  The  small  white 
spot  inside  a  graphite  flake  in  Fig.  4  of  the  first  paper  was  a  particle 
of  metal  and  not  a  grain  of  polishing  powder.  Particles  of  metal 
quite  frequently  occurred  entrapped  in  graphite  flakes,  particularly 
in  coarse-graphite  irons. 

Some  preliminary  experiments  on  the  application  of  electrolytic 
polishing  to  cast  iron  had  revealed  that  grey  cast  iron  might  be  one 
of  the  most  difficult  of  the  common  alloys  to  polish  by  this  method. 
The  reagents  used  in  this  process  appeared  to  penetrate  the  graphite 
flakes,  causing  swelling  of  the  graphite  crystals.  While  some 
polishing  of  the  metallic  matrix  occurred,  the  graphite  structure 
might  be  completely  distorted.  It  must  be  emphasised,  however, 
that  these  remarks  on  electrolytic  polishing  were  based  on  only  a 
few  preliminary  experiments,  and  at  this  stage  it  would  be  unwise 
to  dismiss  the  possibility  of  electrolytically  polishing  grey-cast-iron 
miorospecimens. 
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The  samples  used  for  examining  the  effect  of  aluminium  on  cast 
iron  were  prepared  by  the  addition  of  the  base  iron  to  the  requisite 
amount  of  molten  aluminium  contained  in  a  ladle — ^no  chlorinated 
wax  was  used. 

Mr.  Turner^s  remarks  on  the  polishmg  of  phosphoric  cast  irons 
were  very  interesting,  but  the  author  dionot  believe  that  the  speed 
of  the  polishing  pad  had  any  great  efifect  on  the  extent  to  wnich 
phosphide  eutectic  would  stand  up  in  relief  fix>m  the  polished  surface. 
Many  details  in  any  polishing  operation  could  be  varied  to  suit  the 
individuals  concerned,  and,  as  long  as  a  certain  routine  was  adhered 
to,  good  results  could  be  achieved  with  a  method  which  was  funda- 
mentally good.  In  this  context,  the  speed  of  rotation  of  the  polish- 
ing pcui  could  be  varied  within  certain  limits  without  materially 
affecting  the  results  obtained.  Ternary  phosphide  eutectic  tended 
to  stand  up  in  relief  to  a  much  greater  extent  than  the  pseudo- 
binary  form.  This  relief  effect  could  be  reduced  to  some  extent  by 
a  number  of  alternate  polishings  and  etchings,  using  alkaline  sodium 
picrate  as  the  etching  reagent  for  irons  containing  the  ternary 
phosphide  eutectic  and  alkaline  potassium  ferricyanide  for  irons 
containing  the  pseudo-binary  form.  This  procedure  was  somewhat 
tedious,  and  the  results  obtained  were  not  always  comparable  with 
the. time  required.  To  reduce  the  reUef  of  the  phosphide  eutectic 
to  a  minimum,  it  was  essential  to  carry  out  the  rubbing-down 
operation  as  carefully  as  possible.  The  emery  papers  must  be 
absolutely  free  from  grit  and  not  worn.  Old  emery  papers  caused 
the  graphite  to  be  burnished  over,  and  thus  more  polishing  and 
etching  operations  were  required  to  remove  this  burnish — every  re- 
etching  and  poUshing  increased  the  relief  effect. 

The  expression  of  the  speed  of  the  polishing  pad  in  feet  per 
second  was  very  difficult  unless  one  particular  zone  of  the  pad  was 
used.  For  instance,  the  specimen  might  be  polished  on  the  outer 
regions  of  the  pad  at  the  beginning  of  the  operation  and  then 
gradually  moved  to  the  centre  as  the  scratches  disappeared.  At 
other  times,  small  awkwardly  shaped  specimens  were  polished  near 
the  centre,  while  large  specimens  were  polished  near  the  periphery 
of  the  disc.  The  best  position  for  the  polishing  of  any  particular 
specimen  depended  on  the  skill  of  the  operator.  Thus,  the  speed 
of  the  polishing  pad  when  expressed  in  feet  per  second  could  have 
very  little  meaning.  Specimens  used  and  described  in  the  papers 
under  discussion  were  prepared  on  a  polishing  disc  8  in.  in  dia., 
but  no  'fixed  zone  of  the  polishing  disc  was  used. 

Mr.  Turner's  remarks  regarding  the  standardisation  of  metallo- 
graphic  technique  and  the  need  for  co-operation  between  the  various 
scientific  societies  and  the  microscope  manufacturers  would  be 
warmly  endorsed  by  metaUographists.  There  was  still  a  consider- 
able gap  in  Britain  between  the  designer  and  manufacturer  on  the 
one  hand  and  the  user — ^the  metaUographist — on  the  other.  In  the 
past  there  had  been  a  tendency  for  metallographic  photomicro- 
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gncphic  equipment  to  be  produced  merely  b^  the  modification  of 
certain  existing  designs  used  by  the  biologist  and  petrologist. 
Metallographic  technique  had  developed  very  special  requirements, 
and  the  designer  was  not  always  fully  acquainted  with  these.  For 
his  part,  however,  the  metallurgist  milst  realise  that  it  was  impos- 
sible to  design  photomicrographic  equipment  such  that  no  know- 
ledge of  microscopy  was  necessary  for  its  manipulation.  Good 
photomicrographs  could  only  be  produced  by  having  the  basic 
principles  of  microscopy  constantly  in  mind. 

The  author  appreciated  the  query  made  by  Mr.  Allison  regarding 
the  occurrence  of  areas  of  fine  pearlite  intimately  associated  witn 
areas  of  coarse  pearlite  in  grey  or  mottled  irons  containing. free  iron 
sulphide.  This  structure  was  difficult  to  illustrate  in  any  one 
micrograph,  and  it  was  merely  the  natural  limits  of  photomicro- 
graphical  illustration  which  caused  any  resemblance  between  Figs. 
28  and  29  and  Fig.  31  of  the  paper  on  inclusions.  Actually  this 
structure  was  strikin^y  different  from  .that  caused  by  the  apparent 
variation  in  lamination  of  the  pearlite  due  to  the  varying  angle  of 
section  of  the  pearlite  grains.  The  fine  pearlite  areas  in  samples 
containing  iron  sulphide  tended  to  be  arranged  in  a  network, 
whereas  the  fine  pearlite  grains  in  a  hematite  iron  containing 
sufficient  manganese  to  balance  the  sulphur  were  statistically 
distributed  at  random. 

The  author  thanked  Mr.  Harbord  for  his  suggestions  regarding 
the  heat-tinting  of  cast-iron  microsx)ecimens.  Actually,  this  method 
had  been  used  considerably  for  the  examination  of  the  internal 
structure  of  graphite  flakes  and  for  the  recognition  of  minor  phases. 
Fig.  31  in  the  paper  on  polishing  illustrated  the  use  of  heat-tinting 
for  the  examination  of  graphite  flakes.  It  was  impossible  faithfully 
to  reproduce  a  heat-tinted  structure  by  photography  in  mono- 
chrome, but  heat-tinting  was  very  useful  for  increasing  the  contrast 
between  the  various  structural  features  of  graphite.  It  could,  in 
fact,  be  regarded  as  an  etching  method  for  revealing  the  structure 
of  graphite. 

It  was  interesting  to  find  that  both  Mr.  Roadley  and  Mr.  Hard- 
wick  agreed  with  the  general  principle  that  the  preparation  of 
metallographic  specimens  should  be  completed  by  alternate  etching 
and  polishing.  The  descriptions  of  their  polishing  technique  illus- 
trated admirably  how  the  details  of  the  poUshing  operation  could  be 
varied  to  meet  special  requirements.  With  regard  to  emery  papers 
available  at  the  present  time,  the  author  had  found  the  American- 
made  **  Durex  *'  emery  papers  to  be  excellent  substitutes  for  the 
French  emery  papers.  While  these  papers  had  a  character  slightly 
different  from  the  French  papers,  grades  I,  0  and  00  Durex  papers 
had  been  found  to  be  approximately  equivalent  to  grades  10,  IF 
and  00,  respectively,  of  the  French  papers.  It  was  regrettable  that 
as  yet  there  appeared  to  be  no  single  substitute  polishing  powder  of 
the  same  quality  as  Diamantine.    Many  different  types  of  alumina 
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had  been  tried,  including  very  finely  divided  brands,  but  non^  of 
these  seemed  capable  of  rapidly  polishing  without  scratching,  which  ' 
was  the  unique  characteristic  of  Diamantine.  An  investigation  into 
the  properties  which  conferred  these  qualities  on  this  brand  of 
alumina  was  urgently  needed.  At  the  moment  the  best  alternative 
to  the  use  of  Diamantine. was  to  remove  the  emery-paper  scratches 
with  rouge  and  then  to  carry  out  the  alternate  polishing  and 
etching  on  another  pad,  using  magnesium  oxide.  Magnesium  oxide 
would  give  a  better  polished  surface  than  Diamantine,  but  it  polished 
very  much  more  slowly. 

The  construction  and  assembly  of  a  metallurgical  polarising 
microscope  was  fraught  with  many  difficulties,  cuad  so  far  no  perfect 
design  had  been  produced.  For  most  of  the  author's  work  a 
Vicker's  projection  microscope  was  used.  The  polariser  was  a 
nicol  prism,  placed  in  the  illuminating  train  so  that  its  plane  of 
polarisation  was  parallel  to  that  of  the  partially  plane-polarised 
light  which  would  be  produced  by  the  reflection  of  unpolarised 
light  at  the  glass-slip  vertical  illuminator.  For  the  majority  of  cases 
a  ^-in.  dia.  disc  of  Polaroid  inserted  in  an  8  x  eye-piece  was  used 
for  the  visual  work,  while  a  nicol  prism  clamped  over  the  projection 
eye-piece  was  used  for  the  photographical  recording  of  the  observa- 
tions made  with  polarised  light  and  crossed  nicols.  From  time  to 
time  the  visual  observations  made  with  the  Polaroid  disc  were 
cheeked,  using  instead  a  nicol  prism  clamped  over  the  eye-piece. 
All  the  eflFects  produced  when  using  the  Polaroid  analyser  were 
reproduced  when  the  nicol  prism  analyser  was  employed.  The  . 
Polaroid  screen  was  preferred  for  general  visual  work,  because  the 
nicol  prism  caused  the  visible  field  to  be  considerably  restricted. 
In  contrast  to  Mr.  Roadley's  observation,  the  author  found  the 
various  colour  eflFects  to  be  even  more  pronounced  with  the  nicol 
prism  than  with  the  Polaroid  analyser.  The  nicol  prism  also  gave 
a  darker  metallic  background,  owing  probably  to  the  fact  that  it 
was  capable  of  plane-polarising  the  l^ht  more  completely.  All  the 
work  under  polarised  light  between  crossed  nicols  was  carried  out 
with  the  objective  stopped  down  as  completely  as  possible,  in  order 
to  reduce  the  amount  of  elliptically  polarised  light  produced  by 
reflection  from  the  metallic  surfaces. 

In  the  Vickers  projection  microscope  used  by  the  author,  the 
light  was  reflected  into  the  visual  tube  by  means  of  a  metallic 
reflector,  and  not  by  a  glass  reflector  as  Mr.  Roadley  suggested. 
It  had  been  possible  to  examine  some  of  the  titabium  and  zirconium 
minor  phases  under  polarised  light  with  an  ordinary  bench  micro- 
scope, and  all  the  observations  which  were  made  with  the  Vicka* 
microscope  were  confirmed.  It  would  thus  appear  that  the  metallic 
reflectors  used  in  this  microscope  had  little  eflFect  on  these 
observations. 

The  particles  present  in  the  samples  of  steel  which  had  been 
jointly  examined  by  Mr.  Roadley  and  the  author  were  very  small 
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indeed  and  were  probably  standing  up  in  slight  relief.  On  a  subject 
of  this  type  it  was  very  difficult  to  make  any  definite  statements, 
since  the  elliptical-polarisation  effects  produced  by  a  small  particle 
in  rehef  were  frequently  sufficient  to  mask  the  other  effects.  These 
samples  were  also  highly  alloyed  steel,  and  therefore,  since  the 
present  work  was  carried  out  on  unalloyed  cast  irons,  great  caution 
was  necessary  in  making  comparisons.  However,  the  author  was 
inclined  to  the  opinion  that  these  particles  were  the  titanium- 
sulphide  constituent.    The  analysis  of  one  of  the  steels  in  question 


was  : 


Total  cctfbon 
Silicon   . 
Manganese 
Sulphur. 


0-24% 
109% 

0-006O 


'Q 


Phoephorufl  . 
Nickel  . 
Chromium 
Titanium 


0010% 
8-28% 
20-140^0 


This  sample  contained  large  amounts  of  titanium  carbide  and 
streaks  of  the  pink  constituent.  It  would  be  seen  from  the  analysis 
that,  while  there  was  sufficient  manganese  to  neutralise  the  sulfur 
as  manganese  sulphide,  there  was  a  large  excess  of  titanium.  This 
titanium  content  was  greatly  in  excess  of  that  in  any  of  the  cast- 
iron  samples  discussed.  It  had  been  pointed  out  on  p.  234  p  of  the 
paper  on  inclusions  that  the  reaction  between  titanium  and  man- 
ganese sulphide  was  probably  reversible  : 

MnS  +  Ti  ^  Mn  +  TiS. 

The  implication  of  this  was  that,  even  when  manganese  was  present 
in  sufficient  amount  to  give  manganese  sulphide  (under  normal 
conditions),  the  simultaneous  presence  of  a  relatively  large  excess 
of  titanium  would  cause  the  reaction  to  proceed  to  the  right.  If 
this  was  so,  then  the  steel  in  question  might  be  expected  to  contain 
titanium  sulphide. 

It  had  been  possible  to  throw  some  light  on  this  subject  by 
means  of  an  experiment  carried  out  after  the  original  paper  was 
written  :  3000  g.  of  a  pig  iron  (total  carbon  3*46% ;  silicon  1'16% ; 
manganese  0-67%;  sulphur  0-069%;  phosphorus  0-46%)  were 
melted  in  a  high-frequency  induction  furnace  and  superheated  to 
about  1650^  C.  Iron  sulphide  (15  g.)  was  then  added,  and  this  was 
quickly  followed  by  an  addition  of  75  g.  of  titanium  metal  (2^% 
titanium)  wrapped  in  a  sheet  steel  Container.  When  the  additions 
were  dissolved,  half  of  the  metal  was  cast  in  the  form  of  a  short 
l*2-in.  dia.  bar;  66  g.  of  ferro-manganese  (3%  manganese)  were 
then  added  to  the  remainder  of  the  metal  and  another  bar  was 
cast.  Examination  under  the  microscope  showed  the  first  bar  to 
contain  well-formed  crystals  of  titanium  sulphide,  while  the  second 
bar  contained  only  large  amounts  of  manganese  sulphide.  This 
experiment  did  lend  colour  to  the  idea  that  there  was  a  reversible 
reaction  between  manganese  sulphide  and  titanium.  Nevertheless, 
the  author  felt  that  it  was  not  out  of  place  to  emphasise  again  the 
necessity  for  the  utmost  caution  when  attempting  to  draw  con- 
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elusions  about  the  minor  phases  in  steels  on  the  basis  of  experi- 
ments carried  out  on  cast  irons. 

In  the  author's  experience  the  golden-yellow  crystals  mentioned 
by  Mr.  Roadley  had  never  been  found  in  cast  irons,  although  seen 
quite  frequently  in  steels.  These  particles  were  usually  referred 
to  as  titanium  nitride.  Since  titanium  nitride  formed  a  solid 
solution  with  titanium  carbide,  it  might  seem  strange  that  the 
nitride,  the  cyano-nitride  and  the  carbide  could  exist  together  in 
a  ferrous  alloy.  Mr.  Comstock  also  raised  a  pertinent  question 
bearing  on  this  point.  The  titanium  nitride  would  be  expected  to 
distribute  itself  uniformly  through  the  carbide  to  give  a  titanium 
cyano-nitride.  Actually,  this  condition  appeared  to  be  rarely,  if 
ever,  realised  in  either  cast  irons  or  steels.  In  the  inclusion  counts 
reported  in  this  paper,  every  titaniferous  particle  with  a  pink 
coloration  was  coimted  as  the  cyano-nitride.  As  Mr.  Comstock 
pointed  out,  this  was  a  difBicult  distinction  to  make,  and  to  some 
extent  this  was  borne  out  by  the  erratic  nature  of  the  curves  shown 
in  Fig.  5  of  the  second  paper.  It  would  appear  that  the  carbide 
and  nitride  were  either  incapable  of  realising  complete  miscibility 
in  ferrous  alloys  or  that  under  normal  conditions  the  reactions 
between  carbon,  nitrogen  and  titanium  never  reached  equilibrium. 
This  was  a  matter  on  which  further  information  was  required. 

It  should  be  remembered  that  the  titanium  sulphide-carbide 
isolated  by  Blair  and  Shimer  and  referred  to  in  the  discussion  by 
Mr.  Roadley  was  only  described  as  having  a  bronze  colour  after 
chemical  separation.  Unfortunately,  tke  metallographic  data  given 
by  Blair  and  Shimer  about  this  substance  were  very  scanty,  but  it 
was  possible  that  it  would  have  had  a  somewhat  different  colour 
when  examined  as  part  of  the  microstruotmre  of  the  pig  iron.  It 
was  felt  that  the  compound  isolated  by  these  investigators  was  the 
same  as  that  described  as  titanium  sulphide  in  the  paper  under 
discussion.  No  evidence  had  been  obtained  that  this  blue-pink 
phase  contained  titanium  carbide,  but,  in  view  of  the  results 
obtained  by  Blair  and  Shimer,  it  would  be  wise  to  keep  this 
possibility  in  mind. 

When  Mr.  Roadley  mentioned  zirconium  sulphide  he  presumably 
referred  to  the  orange-yellow  to  grey  phase.  It  should,  however, 
be  noted  that  no  claim  was  made  that  this  phase  was  simple  zirco- 
nium sulphide.  On  p.  245  p  of  the  paper  on  inclusions,  it  was  pointed 
out  to  be  impossible,  on  the  basis  of  the  experiments  earned  out, 
to  say  whether  these  particles  were  a  zirconium  sulphide  or  a  man- 
ganese-zirconium sulphide.  For  this  reason  the  phase  was  referred 
to  throughout  the  paper  as  the  **  orange-yellow  to  grey  phase,"  so 
that  no  assumptions  were  made  in  regard  of  its  composition.  How- 
ever, since  with  increasing  amounts  of  zirconium  this  phase  gradu- 
ally replaced  the  manganese  sulphide,  the  weight  of  the  evidence 
was  behind  the  idea  that  it  at  least  contained  a  sulphide.  As  Mr. 
Roadley  pointed  out,  the  possibility  of  the  presence  of  zirconium 
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silicates  must  not  be  overlooked.  No  definite  evidence  was  avail- 
able on  this  point,  but  it  should  be  noted  that  the  orange-yellow 
to  grey  phase  was  quite  different  from  that  which  Portevin  and 
Castro  suggested  to  be  a  zirconium  siUcate.  The  possibiUty  of  the 
complete  absence  of  microscopically  visible  zirconium  oxides  (or 
silicates)  was  suggested  by  the  results  obtained  when  irons  con- 
taining zircdnium  were  remelted.  For  instance,  an  iron  of  the 
following  composition  was  remelted  in  a  Salamander  crucible,  using 
a  coke-fired  forced-draught  furnace  :  Total  carbon  3-09% ;  silicon 
2-09%;  manganese  0-93%;  sulphur  0-018%;  titanium  0-04%; 
zirconium  0-23%.  The  analysis  of  this  iron  after  remelting  was : 
Total  carbon  3-06% ;  silicon  2-16% ;  manganese  0-82% ;  sulphur 
0-034%;   titanium  0-08% ;  zirconium  004%. 

Before  remelting,  the  iron  contained  fair  amounts  of  the  orange- 
yellow  to  grey  phase  and  large  numbers  of  the  grey  cubic  particles. 
After  remelting,  only  manganese  sulphide  was  visible.  One  would 
expect  the  decrease  in  the  zirconium  content  to  be  an  oxidation 
loss.  Now,  if  the  orange-yellow  to  grey  and  the  grey  cubic  phases 
were  oxides  or  sihcates,  why  should  they  disappear  on  oxidation 
of  a  melt  containing  zirconium  ?  If  visible  zirconium  oxides  or 
silicates  could  occur  at  all  in  cast  irons,  one  might  expect  them  to 
occur  under  these  conditions.  The  fact  that  the  small  grey  cubes 
occurred  isomorphously  associated  with  titanium  carbide  suggested 
very  definitely  that  they  were  a  zirconium  carbide. 

Mr.  Parker  pointed  out  the  desirabihty  of  avoiding  the  term 
''  inherent ''  with  regard  to  the  classification  of  inclusions.  This 
could  not  be  too  strongly  laboured.  The  borrowing  of  the  concep- 
tion of  heredity  from  the  biologist  was  scientifically  unsound  and 
open  to  many  objections.  Such  terms  tended  to  shroud  the  prob- 
lem with  mystery  rather  than  to  provide  a  path  for  the  elucidation 
of  the  effects  of  these  small  particles.  Quoting  Wyckoff  that  com- 
pounds with  the  nickel-arsenide  structure  were  characterised  by 
their  abiUty  to  dissolve  an  excess  of  one  or  other  of  their  consti- 
.tuent  elements,  Mr.  Parker  suggested  that  the  ratio  of  sulphur  to 
iron  in  the  iron  sulphide  in  cast  iron  was  higher  than  that  given 
in  the  formula  FeS.  There  was  no  doubt  that  certain  naturally 
occurring  and  synthetic  pyrrhotites  could  be  more  accurately  repre- 
sented by  FeS  +  S^,  but  this  applied  to  the  compound  formed 
generally  in  the  presence  of  excess  sulphur.  In  ferrous  alloys  there 
was  a  huge  excess  of  iron,  and,  leaving  aside  the  other  sulphide- 
forming  elements  and  considerations  of  the  crystal  structure,  it 
would  seem  more  probable  that  the  ratio  of  sulphur  to  iron  would 
be  lower  than  that  given  in  the  formula  FeS.  There  was,  however, 
no  direct  evidence  to  support  this  view.  While  the  khaki-coloured 
sulphide  present  in  ferrous  alloys  was  usually  referred  to  for  the 
sake  of  convenience  as  iron  sulphide,  it  should  be  remembered  that, 
if  there  was  any  manganese,  titanium,  copper,  aluminium  or 
chromium  in  the  alloy,  then  the  compound  was  an  iron-sulphide- 
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rich  complex  containing  any  combination  of  these  elements  in  solid 
solution. 

Consideration  of  the  sulphides  of  nickel  and  molybdenum  had 
been  omitted  from  the  paper  on  inclusions,  because  it  was  hoped 
in  a  short  time  to  present  a  paper  in  the  form  of  a  Carnegie  Scholar- 
ship Memoir  on  the  neutralisation  of  sulphur  in  cast  irons  by  the 
alloying  elements  nickel,  copper,  chromium^  molybdenum  and 
aluminium. 

The  application  of  the  term  "  nucleus  "  and  its  derivatives  with 
regard  to  the  isothermal  decomposition  of  iron  carbide  during  the 
malleablising  of  cast  iron  could  scarcely  have  the  same  significance 
as  the  term  ''  germ-crystal  *'  when  used  in  connection  with  crystal- 
lisation from  a  liquid.  At  this  point  it  would  be  useful  to  consider 
the  main  features  of  the  decomposition  of  iron  carbide.  The  iso- 
thermal decomposition  of  iron  carbide  jn  equilibrium  with  austenite 
was  a  complex  reaction,  our  knowledge  of  which  was  very  limited. 
After  a  period  of  ''  incubation,"  during  which  the  graphitising  rate 
was  very  small,  graphite  nodules  started  to  form  ana  the  rate  of 
graphitisation  rapidly  increased.  It  was  possible  that  the  austenite 
provided  the  means  for  the  diffusion  of  the  ccurbon,  either  before  or 
after  the  breakdown  of  the  iron  carbide,  to  the  centres  of  graphite 
formation.  The  complete  change  was  probably  accompanied  by  a 
change  in  the  type  of  austenite  and  in  the  composition  of  the 
austenite.  While  a  small  amount  of  the  iron  carbide  might  decom- 
pose without  appreciable  diffusion  of  the  cajrbon,  most  of  the  carbon 
diffused  to  a  small  number  of  selected  spots  from  which  the  temper 
nodule  grew.  Dr.  Schwartz  maintained  that  graphite  nodules  mrst 
appeared  at  austenite/cementite  interfaces,  and  thus  the  point  at 
wMch  the  nodule  first  began  to  form  on  any  particular  interface 
could  be  regarded  as  the  nucleus.  The  term  **  nucleus  "  was  thus 
used  to  define  a  chemical  or  physical  condition  which  favoured  the 
deposition  of  graphite  at  a  particular  point,  and  with  the  present 
state  of  our  knowledge  could  have  little  precise  meaning.  To  sub- 
stantiate his  view  that  temper  carbon  originated  at  austen- 
ite/cementite interfaces.  Dr.  Schwartz  had  shown  low-power  micro- 
graphs of  partially  graphitised  white  iron  in  which  the  temper 
carbon  tended  to  bo];|^er  on  the  cementite  areas.  Since  the  sulphides 
present  in  cast  iron  tended  to  segregate  in  the  extra-dendritic 
regions,  it  seemed  likely  that  they  might  constitute  the  particular 
points  on  the  austenite/cementite  interfaces  at  which  graphitisation 
could  occur.  Such  an  explanation  was,  and  no  doubt  Dr.  Schwurtz 
would  concur  with  this  view,  extremely  empirical  and  required 
much  modification  and  supplementing  to  bring  it  into  line  witiii  our 
knowledge  of  the  many  factors,  such  as  heating  rate,  casting  con- 
ditions and  prequenching  treatment,  which  affected  the  nodule 
number. 

The  term  "  nodule  "  might  itself  be  misleading  when  applied  to 
the  temper  carbon  in  some  malleable  irons.    The  use  of  the  improved 
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polishing  technique  for  malleable  irons  had  revealed  that  the 
graphite  oystals  oomposing  the  '*  graphite-flake-aggregate  "  temper 
carbon  could  exist  in  various  degrees  of  dispersion.  At  the  one 
extreme  the  temper  carbon  existed  in  the  form  of  compact  masses, 
approximately  spheroidal  in  shape,  consisting  of  a  number  of 
apparently  haphazardly  orientated  graphite  crystals.  This  form 
was  quite  different  from  the  spherulitic  type  of  temper  carbon.  At 
the  other  extreme,  the  graphite  crystals  comprising  the  nodule 
were  not  welded  together,  but  were  frequently  partially  separated 
by  metal.  The  concept  of  a  nucleus  for  the  formation  of  a  temper 
carbon  nodule  might  tend  to  suggest  the  gradual  deposition  of 
graphite  around  a  given  point,  the  result  being  a  compact  mass  of 
graphite.  While  this  point  of  view  might  be  tenable  for  the  initial 
stages  of  the  decomposition  of  graphite,  it  would  appear  that  after 
a  time  a  considerable  mass  of  metal  around  the  original  nucleus 
was  in  a  condition  capable  of  permitting  the  deposition  of  graphite. 
At  the  present  time  it  was  impossible  to  give  an  account  of  the 
precise  factors  which  affected/ihe  d^ree  of  dispersion  of  the  graphite 
crystab,  but  it  could  be  said  that,  in  general,  for  irons  containing 
only  manganese  «ulphide  the  dispersion  increased  with  higher 
annealing  temperatures  and  with  smaller  nodule  numbers. 

The  author  foimd  it  impossible  to  agree  with  Dr.  Schwartz's 
statement  that  "  carbon  nodules  of  the  *  spherulite '  type  were 
habitually  observed  in  the  blackheart  graphitising  process  if  that 
process  were  conducted  throughout  below  Ax  or  if  the  white  cast 
iron  had  been  prequenched  before  graphitisation."  Micrographic 
evidence  was  presented  here  to  support  this  disagreement. 

The  accompanying  Fig.  A  showed  the  temper  carbon  distribution 
in  a  malleable  iron  of  the  following  composition :  Total  carbon 
3-2%;  silicon  1-26%;  manganese  0-49%;  sulphur  0109%; 
phosphorus  0-06% ;  nickel  1-32% ;  chromium  0-52%.  This  sample 
had  been  annealed  at  900**  C.  for  40  hr.  and  then  air-cooled.  ¥ig. 
B  illustrated  the  refinement  of  the  temper  carbon  produced  by  pre- 
quenching  the  same  material  before  giving,  it  this  heat  treatment. 
To  carry  6ut  the  prequenching  treatment,  the  white  iron  sample 
was  immersed  in  a  salt  bath  for  10  min.  and  then  quenched  in  water. 
Fig.  C  showed  a  t3^ical ''  graphite-flake-aggregate  "  temper  carbon 
ncHduIe  in  the  plam  annealed  iron,  and  Fig.  D  illustrated  a  temper 
carbon  nodule  in  the  prequenched  material.  It  was  obvious  from 
this  latter  micrograph  that  the  prequenching  had  not  caused  the 
formation  of  spherulitic  temper  carbon.  The  characteristics  of  the 
temper  carbon  present  in  such  prequenched  samples  were  further 
illustrated  in  Fig.  G,  a  prequenched  sample  of  the  same  material 
after  only  16  hr.  at  900^  C. 

It  had  been  found  for  certain  irons  that  if  the  time  of  soaking 
prior  to  the  quenching  treatment  was  increased,  then  a  less  drastic 
refinement  of  the  temper  carbon  might  occur.  In  such  cases  the 
individual  temper-carbon  nodules  appeared  smaller  and  more  com- 
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pact  than  those  in  the  plain  annealed  irons,  but  they  were  still  not 
of  the  spherulitic  type.  Figs.  E  and  F  illustrated  this  point  with 
respect  to  an  iron  of  the  following  composition :  Total  carbon 
3-01% ;  silicon  0-87%;  manganese  0-39% ;  sulphur  0-092%; 
phosphorus  0-03%.  Fig.  E  showed  a  typical  temper-carbon  nodule 
in  a  sample  of  this  iron  which  had  been  annealed  at  900°  C.  for 
48  hr.  and  then  cooled  in  the  furnace.  Fig.  F  depicted  the  temper 
carbon  in  a  sample  of  the  same  material  soaked  at  950°  C.  for  1  hr. 
prior  to  prequenching  and  then  annealed  for  48  hr.  at  900°  C. 

The  statement  made  by  Dr.  Schwartz  apparently  had  no  reser- 
vation with  regard  to  chemical  analysis,  and  9^1  the  samples  cited 
above  had  the  sulphur  in  the  form  of  manganese  sulphide.  It  had, 
however,  been  possible  to  investigate  the  effect  of  prequenching  an 
iron  containing  iron  sulphide.  Fig.  H  showed  a  typical  spherulitic 
temper-carbon  nodule  in  an  annealed  iron  of  the  following  com- 
position :  Total  carbon  3-22% ;  silicon  0*80% ;  manganese  0*18% ; 
sulphur  0-466% ;  nickel  1*77 %.  This  iron  was  annealed  for  16  hr. 
at  900°  C.  and  then  cooled  in  air.  The  temper  carbon  nodule  was 
seen  to  have  formed  around  a  duplex  particle  of  iron  and  manganese 
sulphide.  A  sample  of  the  same  white  iron  was4)hen  prequenched 
from  900°  C.  after  soaking  in  a  salt  bath  for  16  min.  After  pre- 
quenching, the  specimen  was  annealed  at  900°  C.  for  16  hr.  Fig.  I 
showed  the  minute  spherulitic  temper-carbon  nodules  found  in  the 
prequenched  sample. 

As  a  result  of  experiments,  such  as  those  described  above,  the 
author  had  arrived  at  the  conclusion  that  prequenching  did  not 
alter  the  type  of  temper  carbon  formed,  but  only  aflfected  the 
number  and  size  of  the  temper-carbon  nodules.         ^ 

It  was  interesting  to  read  that  both  Dr.  Norbury  and  Dr. 
Schwartz  were  inclined  to  the  opinion  that  the  different  types  of 
temper  carbon  were  not  necessarily  due  to  the  presence  of  the 
different  sulphides  per  se,  but  rather  to  the  effect  of  the  sulphides 
on  the  stability  of  the  carbide^  and  hence  on  the  rate  of  graphitisa- 
tion.  It  was  impossible  to  gainsay  th^se  suggestions,  but  in  this 
context  it  was  interesting  to  consider  tne  irons  illustrated  in  Figs. 
H  and  I.  These  samples  contained  large  amounts  of  iron  sulphide, 
but  on  account  of  the  presence  of  nickel  the  graphitising  rate  was 
fairly  rapid  (the  eutectic  carbide  was  completely  broken  down  after 
16  hr.  at  900°  C).  Both  of  these  samples  contained  spherulitic 
temper  carbon,  and  this  fact  must  tend  to  disprove  the  suggestions 
made  by  Dr.  Schwartz  and  Dr.  Norbury.  It  seemed  also  that  Dr. 
Schwartz's  suggestion  tended  to  contradict  his  claim  that  pre- 
quenching produced  spherulitic  temper  carbon.  He  suggested  that 
spherulitic  temper  carbon  was  the  result  of  the  slow  rate  of  graphi- 
tisation  produced  by  the  presence  of  iron  sulphide,  but  he  had  shown 
elsewhere  that  prequenching  increased  the  rate  of  first-stage 
graphitisation. 

With  regard  to  graphitisation  below  the  critical  range,  the 
author  had  examined  several  irons  annealed  at  sub- critical  tem- 
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peratures,  in  which  all  the  sulphiir  was  in  the  form  of  manganese 
sulphide.  None  of  these  irons  contained  spherulitic  temper  carbon. 
Fig.  J  showed  graphite-flake-aggregate  temper  carbon  in  a  white 
iron  which  had  been  annealed  for  4  days  at  700°  C. 

Hanemann  and  Schrader's  theory  that  the  markings  in  graphite 
flakes  were  due  to  strain  effects  was,  as  Dr.  Norbury  pointed  out, 
not  well  established.  A  grey  cast  iron  which  had  been  strained  at 
about  900°  C.  had  been  examined,  but  no  difference  was  observable 
between  the  graphite  flakes  in  this  material  and  those  in  the  as-cast 
material — both  samples  showed  many  graphite  flakes  with  complex 
structures  and  a  few  flakes  free  from  structural  complications. 
The  experimental  difficulties  were  greater  than  Dr.  Norbury's 
question  implied,  since  no  grey  iron  had  all  its  graphite  flakes  free 
from  structural  complications,  and  so  it  was  necessary  to  strain 
a  particular  graphite  flake  containing  no  markings  in  order  to  throw 
some  light  on  this  point. 

It  appeared  that  Mr.  Booth  had  misinterpreted  the  statements 
made  on  pp.  216  P  and  217  p  with  regard  to  the  effect  of  pouring  tem- 
perature on  the  size  of  manganese  sulphide.  Actually,  it  was 
pointed  out  that  Norbury  had  shown  primary  austenite  dendrites 
to  decrease  in  length  and  become  more  compact  with  decreasing 
pouring  temperature.  It  was  also  stated  that  manganese  sulphide 
dendrites  behaved  in  a  similar  manner.  This  effect  of  pouring 
temperature  was  characteristic  of  all  primary  dendrites,  whether 
they  were  ferrous,  non-ferrous  or  non-metallic.  The  terms  "  hot  " 
and  "  cold  "  applied  to  pouring  temperature  were  purely  relative, 
and  were  apt  to  be  misleading.  It  would  be  better  to  consider  not 
the  actual  pouring  temperature,  but  rather  the  difference  between 
the  pouring  temperature  and  the  freezing  point.  Thus,  an  iron 
with  a  total  carbon  content  of  3%  would  show  a  pronounced 
columnar  primary  structure,  while  an  iron  with  a  total  carbon 
content  of  2%  would  show  an  equi-axed  structure  when  poured  at, 
say,  1400°  C.  Now,  if  Mr.  Booth's  suggestion  that  the  manganese 
sulphide  had  its  shape  determined  by  the  arrangement  of  the 
primary  dendrites  were  correct,  then  ^e  would  expect  compact 
sulphide  crystals  to  accompany  the  equi-axed  low-total-carbon 
structures  and  manifestly  dendritic  sulphide  crystals  to  accompany 
the  higher-total-carbon  structures.  However,  this  was  not  the  case 
— the  morphology  of  manganese  sulphide  in  cast  irons  was  a  function 
of  the  actual  pouring  temperature  and  not  of  the  difference  between* 
the  pouring  temperature  and  the  freezing  point  of  the  metallic 
alloy.  The  **  anchor-shaped  "  dendritic  manganese  sulphide  crystals 
were  quite  a  frequent  occurrence  in  commercial  low- carbon  irons, 
of  which  the  pouring  temperatures  were  relatively  high  and  the 
differences  between  the  freezing  point  of  the  alloys  and  the  pouring 
temperatures  were  low.  If  manganese  sulphide  did  become  en- 
trapped and  consolidated  between  the  austenite  dendrites  as  Mr. 
Booth  implied,  it  would  be  difficult  to  explain  its  pronounced  idio- 
morphic  appearance.    In  the  author's  experience,  it  appeared  tbA.t» 
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the  8ize  and  morphology  of  the  individual  sulphide  orystals  were 
determined  by  the  pouring  temperature  and  the  distribution  of  the 
sulphide  particles  on  the  primary  metallic  dendrites — ^that  was,  on 
the  pouring  temperature  and  the  total  carbon  content. 

With  regard  to  the  nucleation  of  temper  carbon  by  iron  sulphide, 
Mr.  Booth  should  note  that  the  author  did  not  sug^dst  that  all  the 
iron  sulphide  was  in  solution  in  manganese  sulphide.  In  fact,  in 
the  first  paragraph  on  p.  221  p  it  was  i^ted  that  *'  the  manganese 
sulphide  inclusions  rich  in  iron  sulphide  do  not  act  as  nuclei  for 
graphite,  but  the  relatively  small  amount  of  iron  sulphide  remaining 
undissolved  does  act  in  this  manner."  Thus  the  problem  of  how 
dissolved  iron  sulphide  could  preserve  its  ability  to  produce  a 
certain  type  of  temper  carbon  did  not  arise. 

Mr.  Shepherd's  remarks  on  the  presence  of  oxides  in  cast  iron 
and  their  relation  to  melting  practice  touched  on  the  very  heart  of 
the  problem  of  ''  inclusions  "  in  cast  iron.  When  the  author  stated 
that  oxides  and  silicates  were  virtually  non-existent  from  the  point 
of  view  of  the  metallography  of  cast  iron,  it  was  not  suggested  that 
these  particles  were  entirely  absent  from  the  metal — ^the  chemical 
evidence  proved  their  presence.  The  problem  had  resolved  itself 
into  the  determination  of  the  precise  mode  of  occurrence  of  the 
extremely  low  concentration  of  oxides  detected  by  chemical  means. 
They  might  be  in  solution  or  in  some  other  state  of  sub-microscopic 
dispersion  in  either  the  metallic  or  non-metallic  phases  of  the  cast- 
iron  microstructure.  Mr.  Shepherd  had  instanced  the  effect  of 
melting  conditions  and  cleanliness  of  ladles  on  the  resulting  cast 
irons.  The  author  agreed  with  these  observations,  but  wished  to 
}>oint  out  that  as  yet  they  were  not  accompanied  by  any  observa- 
tions indicating  changes  in  concentration  or  distribution  of  oxides  or 
silicates.  In  the  paper  under  consideration  the  author  had  attempted 
to  deal  only  with  those  particles  visible  under  the  microscope. 

It  was  not  considered  that  the  products  of  the  oxidation  or 
corrosion  of  solid  cast  iron  could  be  classed  as  '*  inclusions/'  and 
so  they  had  been  entirely  omitted  from  the  paper  dealing  with 
these  particles.  In  the  ioitial  stages  of  the  oxidation  of  grey  cast 
iron,  a  dark  translucent  phase  was  sometimes  seen,  which  gave 
orange  colorations  under  polarised  light  between  crossed  nicols. 
This  might  correspond  to  the  constituent  mentioned  by  Mr.  Shep- 
herd, although  its  composition  was  unknown  to  the  author. 
Further  oxidation  gave  a  blue-grey  iron  oxide,  probably  FeO, 
which  remained  dark  under  polarised  light  for  all  positions  of  the 
stage.  Drastic  oxidation  could  produce  a  yellowish-coloured  phase, 
probably  FegOj,  which  lit  up  under  polarised  light.  The  mechanism 
of  the  oxidation  of  cast  iron  and  the  constitution  of  its  products 
were  a  subject  about  which  there  was  little  precise  information  and 
which  was  still  a  matter  for  conjecture.  Its  very  nature  insisted 
that  it  should  be  approached  from  a  different  angle  from  "  oxide 
or  silicate  inclusions." 
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ATMOSPHERIC  EXPOSURE  TESTS  ON 
COPPER- BEARING  AND  OTHER  IRONS 
AND  STEELS  IN  THE  UNITED  STATES.^ 

By  EWART  S.  TAYLERSON  (PrrrsBUBOH,  Pa.,  U.S.A.). 

Paper  No,  4/1940  of  the  Corrosion  Committee  [communicaied  by 

Dr.  W.  H.  Hatfield,  F.E.8,), 

SUMMABY. 

The  results  of  atmospheric  exposure  tests  of  twelve  different  irons 
and  steels  for  a  period  of  five  years  at  three  locations  in  the  United 
States  of  America  are  reported.  These  include  three  steels,  contain- 
ing 0-03%,  0*2%  and  0-5%  of  copper,  respectively,  tested  by  the 
Corroflion  Committee,  six  steels  ranging  in  copper  content  from  very 
low  to  0*5%,  a  copper-bearing  wrought  iron,  and  two  low-alloy 
steels.  The  last  nine  materials  were  of  American  origin  and  were 
selected  to  illustrate  the  lai|pe  difference  in  corrosion  rate  that  (an 
be  obtcuned  owing  to  variation  in  cmalysis.  The  locations  included 
an  industrial  district  on  marine  marshes,  an  inlemd  industries  district 
and  a  rural  district.  The  results  illustrate  the  great  influence  of 
copper  and  the  even  greater  protective  value  of  higher  percentages  . 
of  alloying  elements. 

The  compcffative  pollution  of  the  atmorohere  at  these  three 
locations  was  evaluated  by  exposure  of  the  Corrosion  Committee*s 
standard  pollution  samples  for  a  period  of  two  years. 

Introduction. 

During  a  discussion  with  Dr.  U.  R.  Evans  when  he  was  visiting 
the  United  States  of  America  the  suggestion  was  made  that  it 
would  be  interesting  to  compare  corrosion  rates  of  steels  in  the 
States  with  those  obtained  at  the  various  exposure  stations  of  the 
Corrosion  Committee.  In  1931  several  specimens  of  the  Com- 
mittee's steels  X,  Y  and  Z  were  received  from  Dr.  J.  C.  Hudson, 
the  Committee's  Official  Investigator.  At  that  time  the  Company 
with  which  the  author  is  associated  started  an  extensive  investiga- 
tion on  a  large  number  of  other  materials,  so  that  it  was  possible 
to  include  the  British  steels  in  exposure  tests  at  three  locations. 
While  these  tests  were  intended  to  supply  information  for  the 
commercial  development  of  low-alloy  steels,  the  results  for  a  number 
of  the  American  materials  have  been  included  in  this  paper  as  a 
matter  of  general  interest. 

Materials  Referred  to  in  this  Paper. 

The  chemical  compositions  of  the  materials  covered  in  this  paper 
are  given  in  Table  I.,  which  has  a  footnote  reference  to  the  Corrosion 
Committee's  Report  as  to  the  exact  source  of  the  Committee's  steels 
X,  Y  and  Z.    These  were  received  in  the  form  of  15  x  10  x  j-in. 

^  Received  October  22,  1940. 
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flat  bars,  which  were  hot-rolled  in  packs  to  0*030  in.  and  annealed. 
This  material  was  then  pickled,  and  all  samples  were  sheared  to 
4  X  6  in. 

Table  I. — Chemical  Analysis  of  the  Materials. 


Material. 

0. 

Mn. 
%. 

P. 
%. 

8. 
%. 

Si. 

%. 

Cu. 
%- 

Ni. 

Or. 

%. 

Committee's  steel  A'  •  (003% 

Ou)          .... 

0-18 

0-61 

0-041 

0-043 

0-008 

0-08 

0-06 

0-04 

Committee's  steel  Y  *  (0-26"^, 

• 

_Cu)          .... 

019 

0-60 

0-040 

0-043 

0-009 

0-36 

0-06 

0-06 

Committee's  steel  Z  •  (OM^o 

Ou)          .... 

0-20 

0-6S 

0-038 

0-048 

0-010 

0-64 

0-06 

0-06 

Committee's  pollution  speci- 

mens (ingot  iron) 
Experimental  heat,  low  Mn 

0-02 

0.06 

0-013 

0-044 

0-008 

0-07 

0-06 

0-001 

and  Ca    .         . 

0016 

0*03 

0-004 

0-038 

0-004 

0-03 

0-006 

0-008 

Experimental  beat,  medium 

Mn,  low  Cu      .         .         . 

0-040 

0-24 

0-062 

0-032 

0-008 

0-01 

0-003 

0-009 

Open-hearth  iron,  very  low 

Cu 

0-018 

0-026 

0-006 

0-019 

0-002 

0-008 

0-008 

0-01 

Steel  8 (006%  Cu)       . 

0-040 

0-49 

0-074 

0-042 

0-003 

0*06 

0-006 

0-09 

Wrought  iron  (0-29%  Cu)     . 
St^li (0-27%  Cu)      . 

0-018 

0-096 

0-096 

0-038 

0-14 

0-39 

•  •• 

0-006 

0-026 

0-47 

0-066 

0-046 

0-003 

0-37 

0-08 

0-03 

Bessemer  steel  (0-6%  Cu)      . 

0-10 

0-40 

0-107 

0-067 

0-007 

0-63 

0-003 

0-03 

3-6%  Ni  steel       . 

0-043 

0-46 

0-014 

0-027 

0-004 

0-06 

8-63 

0-16 

Cr-Si-Ou  steel     . 

0-11 

0-62 

0-012 

0-006 

1-26 

1-03 

0-07 

8-88 

*  Sire  Firet  Report  of  the  Corrosion  Committee,  Iron  and  Sted  ItutUute^  1981,  Special  Report  Ifo. 
1,  pp.  97,  98.  The  original  16  x  10  x  |-in«  specimens  used  for  rolling  the  sheeta  wen :  X110818, 
.Y110814,  Zl  10910,  X110911;  TllHlS,  F111414,  7111610,  7111611;  Z113018, /1130U, /113110, 
Z112111. 

The  American  materials,  selected  to  cover  a  large  variation  in 
corrosion  rate,  consisted  of  nine  heats  :  (a)  Three  steels  of  low 
copper  content,  two  of  which  were  experimental  crucible  heats  and 
the  third  was  a  commercial  open-hearth  iron.  (6)  Two  steels, 
marked  S  and  K,  from  the  same  rephosphonsed  open-hearth  heats 
that  were  exposed  by  Committee  A-5  of  the  American  Society  for 
Testing  Materials  ^  at  five  different  American  locations,  (c)  A 
copper-bearing  American  wrought  iron,  (d)  An  acid  Bessemer 
copper  steel,  (e)  Two  low-alloy  steels,  namely,  a  3^%  nickel  and 
an  experimental  chromium-silicon-copper  steel. 

The  specimens  were  supported  on  insulators  at  an  angle  of  30° 
to  the  horizontal.^  Pickled  and  weighed  specimens  of  all  materials 
were  exposed  simultaneously.  After  various  intervals  of  time  com- 
plete sets  were  removed,  electrolytically  cleaned  and  reweighed. 

Exposure  Locations. 

The  three  exposure  locations  selected  were  :  (a)  Kearny,  New 
Jersey,  about  three  miles  from  New  York  City  on  reclaimed  marine 

1  "  Report  of  Sub-Committee  VIII.  on  Field  Teste  of  Metallic  Coatings," 
Proceedings  of  the  American  Society  for  Testing  Materials,  1938,  vol.  38,  Part 
I.,  p.  89,  Table  V. 

•  H.  S.  Rawdon,  **  Atmospheric  Corrosion  Testing,**  Americcm  Society 
for  Testing  Materials  S^'mposium  on  Corrosion  Testing  Procedures,  1937, 
p.  42,  Fig.  1. 
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marshes,  surrotgided  by  many  industria]  plants,  where  the  atmo- 
sphere is  foggy  but  does  not  deposit  much  soot  or  cinders ;  (6)  Van> 
dergrifk,  Pennsylvania,  twenty-five  miles  north-east  of  Pittsburgh 
in  a  river  valley  on  steel-mill  property,  an  inland  industrial  atmo- 
sphere contaminated  by  soot  and  cinders;  and  (c)  South  Bend, 
Pennsylvania,  a  rural  site,  twelve  miles  from  the  nearest  industry, 
where  the  atmosphere  is  firee  from  much  pollution  owing  to  favour- 
ableprevailing*  winds. 

The  specimens  were  exposed  at  all  three  locations  in  October, 
1931. 

A  rough  comparison  of  the  corrosiveness  of  the  atmospheres  at  the 
three  American  locations  and  at  the  testing  stations  of  the  Corrosion 
Committee  is  rendered  possible  by  the  results  of  tests  on  some  of 
the  Committee's  open-hearth  iron  pollution  specimens,  which  were 
forwarded  by  Dr.  Hudson  in  1936.  Standard  4  x  2  x  |-in.  speci- 
mens of  this  material  were  exposed  vertically  in  April,  1936,  at 
the  three  locations.  The  losses  in  weight  of  these  specimens  after 
one  year's  exposure  are  given  in  Table  II.,  together  with  similar 
figures  for  the  Corrosion  Committee's  stations  at  Sheffield,  Wool- 
wich and  Llanwrtyd  Wells.^  It  would  seem  from  the  data  that 
the  American  atm6spheres  are  rather  less  corrosive  than  the  British 
ones,  which  have  been  selected  to  correspond  to  them  as  closely  as 
possible. 

Table  II. — Comparison  of  the  Corrosiveness  of  American  and 

British  Atmospheres, 


LocaUty. 

Tjpe  of  Atmosphere. 

• 

Rate  of  Corrosion  of  Standard  Ingot- 
Iron  Specimens  (One  Year's 
Exposure). 

Loss  in  Weight. 

Q.  per  4  X  2  X  J-in. 

Siiecimen. 

Equivalent 

Loss  of  Metal. 

In.  X  lOr*. 

UniUd  Stales. 
Kearny,  New  Jersey 
Vandergrifb,  Pa. 
South  Bend,  Pa. 

OretU  Britain. 
Sheffield 
Woolwich 
Llanwrtyd  Wells. 

Lidustrial,  marine. 
Industrial,  inland . 
Rural. 

Lidustrial,  inland. 
Industrial,  inland. 
Rural. 

7-75 
8-34 
4-27 

11-30 
8-40' 
4-87 

3-45 
3-71 
1-90 

503 
3-74 
217 

The  data  given  in  Table  II.  refer  to  specimens  exposed  for  a 
period  of  one  year,  but  other  sets  of  specimens  were  exposed  for 
two  years.     In  addition,  for  comparison  purposes  in  connection 

*  Fifth  Report  of  the  Corrosion  Committee,  Iron  and  Steel  Institute,  1938, 
Special  Report  No,  21,  p.  67.  The  results  for  the  British  stations  are  mean 
values  for  several  consecutive  periods  of  one  year's  exposure. 
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with  other  tests,  duplicate  speoimens  of  the  two  materials  S  and  K 
were  exposed  vertically  and  in  the  30°  to  the  horizontal  position.^ 
The  results  of  these  tests,  over  one  and  two  years'  exposure,  are 
given  in  Table  III. ;  they  indicate  that  less  corrosion  occurred  on 
the  inclined  specimens.  It  should  be  emphasised  that  these  two- 
year  tests  were  made  at  a  later  date  than  the  main  test  and  were 
begun  in  the  spring,  so  that  the  two  sets  of.  results  are  not  strictly 
comparable. 

Table  III. — Comparison  of  the  Corrosion  Committee's  Ingoi-Iron 
Pollution  SpecimcTis  with  Steels  8  and  K  of  the  American  Society 
for  Testing  Materials,    Effect  of  the  Angle  of  Exposure, 


Locality  and  Position. 

Lo08  in  Weight.    O.  per  4  x  S-in.  Specimen.* 

• 

Ingot  Iron, 
Oorrosion  Com- 
mittee. 

Steel  S  (0-0(% 
On),  A.S.TJC. 

Steel  K  (0-27% 
On),  A.S.T.M. 

1  Year. 

2  Yearp. 

1  Year. 

2  Years. 

1  Year. 

S  Yean. 

Kearny,  New  Jersey, 
Vertical 
30^*  to  horizontal      . 

Vandergrift,  Pa. 
Vertical 
30''  to  horizontal      . 

SouUi  Bend,  Pa, 
Vertical 
30**  to  horizontal      . 

7-75 

•  •  • 

8-34 

•  •  • 

4-27 

•  •  • 

11-20 

•  •  • 

1404 

•  •  • 

6-44 

•  •  • 

6-58 
5-46 

6-41 
5-93 

3-77 
314 

9-29 
7-42 

10-21 
8-41 

607 
4-41 

6-54 
4-59 

5-64 
5-37 

3-40 
2-97 

7-76 
6-22 

907 
7-20 

4-90 
409 

♦  Mean  values  for  two  or  three  specimens  throughout. 

Discussion  of  the  ResuJis. 

The  results  shown  in  Table  IV.,  which  relate  to  five  years' 
exposure,  have  been  compiled  for  the  British  steels  JC,  Y  and  Z 
in  accordance  with  the  Committee's  method  of  calculating  the  rates 
of  corrosion.  In  this  connection,  the  curves  shown  in  Figs.  1,  2 
and  3  indicate  the  wide  variation  with  exposure  period  of  atmo- 
spheric corrosion  rates.  It  is  believed  that  this  is  due  to  the  pro- 
gressive formation  of  rust  coatings  which  diflFer  in  their  protective 
value  It  is  interesting  to  note  that  after  an  interval  of  two  to 
thr6e  years,  within  the  limitations  of  these  tests,  the  corrosion 
losses  appear  to  be  proportional  to  time  and  the  rate  constant. 
The  actual  losses  in  weight  of  aU  twelve  steels,  which  were  exposed 
at  30°  to  the  horizontal,  are  given  in  Table  V. 

^  Rawdon,  loc.  cit. 
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Table  IV. — ResuUa  of  Atmospheric  Corrosion  Tests  on 

Committee  Steels  X,  Y  and  Z. 

Specimens  6  X  4  x  0*030  in.,  exposed  at  30^  to  horizontal.    Tests  b^gun 
October,  1931 ;  duration  of  exposure,  6  years. 


Original  Specimen  Number. 

Loss  in  Weight 

(5  Yean). 
G.  per  Specimen. 

Ratio. 

Rqniyalent  Annual  (>>rro«lon 
Hate. 

' 

In.  X  i(r*. 

Os.  per  sq.  ft. 

Kearny^  New  Jersey  (an  induetrial  marine  aimoftphe 

re). 

Xn0813\Cu003% 
X110814/     approx. 

53-3 

60-8 
Mean  57- 1 

100 

1-8G 

115 

yill413\CuO-26% 
r  111414/     approx. 

32-9 

34-2 
Mean  33-6 

59 

]()9 

0-68 

Z112013\CuO-64% 
Zl  12014/     approx. 

29-3 

29-5 

Mean  29-4 

51 

0-9« 

0-59 

Vandergrift,  Pennsylvania  (an  industrial  atmosphere 

). 

X110813 

48-2 

XI 10814 

530 

Mean  50-6 

100 

1-64 

102 

yi 11413 

350 

yill414 

38-6 

Mean  36-8 

73 

1-20 

0-74 

Zl  12013 

30-6 

Zl  12014 

32-7 

Mean  31-7 

fi3 

103 

004 

SotUh  Bend,  Pennsylvania  {a  rural  atmosphere). 

X110813 

18-6 

XI 10814 

20-8 

Mean  19-7 

100 

0-64 

0-40 

yill413 

15-5 

ri 11414 

17-4 

Mean  16-5 

84 

0-54 

0-33 

Z112013 

150 

Zl 12014 

14-8 

Mean  14-9 

70 

0-48 

0-30 

The  results  of  the  tests  at  the  three  locations  indicate  that  the 
marine  industrial  atmosphere  at  Kearny,  New  Jersey,  where  the 
specimens  remained  comparatively  clean,  was  considerably  more 
corrosive  than  that  at  Vandergrift,  Pennsylvania,  where  the  speci- 
mens were  subjected  to  deposits  of  soot  and  cinders.  This  increased 
corrosion  rate  may  have  been  due  to  the  high  humidity  and  the 
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contaminated  marine  marsh  atmosphere.  The  corrosion  rates  at 
South  Bend,  Pennsylvania,  in  the  rural  atmosphere  are  very  much 
lower,  as  shown  in  Fig.  3,  and  it  was  necessary  to  plot  the  results 
of  several  steels  in  a  single  band  to  avoid  confusion. 

It  is  interesting  to  note  that  at  these  locations  the  e£Fect  of  the 
addition  of  copper  in  the  case  of  the  Committee's  steels  was  much 
more  pronounced  than  that  shown  in  the  results  published  by  the 
Committee  for  other  locations.     It  is  believed  that  this  difference 
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Fio.  3. — Results  of  Atmospheric  Corrosion  Tests  at  South  Bend,  Pa. 

(rural  atmosphere). 


may  be  due  to  the  specific  nature  of  these  industrial  atmospheres, 
which  seem  to  have  a  pronounced  tendency  to  form  harder  and 
more  adherent  scales  on  the  high-copper  steels.  The  difiPerences 
noted  are  considerably  less  under  rural  conditions. 

The  results  of  the  whole  test  confirm  those  of  other  investigators, 
in  that  very  pure  materials  low  in  copper  have  high  corrosion  rates, 
which,  however,  are  decreased  by  the  sUght  additions  of  manganese 
and  phosphorus.  Among  the  commercial  steels  it  is  apparent  that- 
the  effect  of  phosphorus  is  beneficial  when  combined  with  copper. 
The  two  higher-alloy  steels  show  a  significant  increase  in  corrosion 
resistance. 
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SECTION  I.— Introduction. 

The  Second  Report  of  the  Oxygen  Sub-Committee  appeared  as 
Section  VI.  of  the  Eighth  Report  on  the  Heterogeneity  of  Steel 
Ingots.^ 

Dr.  Sykes  and  Dr.  Jay  have  joined  the  Sub-C<fmmittee  mean- 
time, and  Dr.  Bramley  resigned  on  leaving  Sheffield  University  to 
take  up  a  post  in  industry.    The  present  personnel  is  as  follows  : 

Dr.  T.  Swinden  {Chairman) .     The  United  Steel  Companies,  Ltd. 

Professor  J.  H.  Andrew        .     The  University,  Sheffield. 

Mp.  E.  W.  Colbeck  .     I.C.I.  (Alkali).  Ltd..  Northwich. 


»  Iron  and  Steel  InstituU,  1939,  Special  Report  No.  25,  pp.  37-234. 
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Mr.  S.  W.  Craven 

Dr.  C.  H.  Desch,  F.R.S. 


Dr.  H.  A.  Dickie 
Mr.  N.  Gray 

Dr.  A.  H.  Jay    . 
Dr.  W.  R.  Maddocks 
Dr.  W.  C.  Newell 
Mr.  J.  G.  Pearce 

Mr.  T.  E.  Rooney 
Mr.  H.  A.  Sloman. 
Mr.  W.  W.  Stevenson 
Dr.  G.  Sykes 
Mr.  E.  Taylor-Austin 


Mr.  A.  E.  Chattin  {Secretary) 


I.C.I.  (AlkaU),  Ltd.,  Northwich. 

Technical  Advisor  to  the  Iron  and  Steel 
Industrial  Research  Council. 

Messrs.  Stewarts  and  Lloyds,  Ltd. 

Guest  Keen  Baldwins  Iron  and  Steel  Co., 
Ltd. 

The  United  Steel  Companies,  Ltd. 

The  University,  Sheffield. 

The  Brown-Firth  Reseeurch  Laboratories. 

The  British  Cast  Iron  Research  Associa- 
tion. 

The  National  Physical  Laboratory. 

The  National  Physical  Laboratory. 

The  United  Steel  Companies,  Ltd. 

The  National  Physical  Laboratory. 

The  British  Cast  Iron  Research  Associa- 
tion. 

The  Iron  and  Steel  Institute. 


The  incidence  of  the  war  has  interfered  considerably  with  the 
prosecution  of  the  work  of  the  Sub-Committee,  but,  nevertheless, 
sufficient  has  been  done  in  the  interim  to  warrant  the  presentation 
of  this  Report.  As  formerly,  the  Report  is  sectionalised  under  the 
various  methods  investigated,  and  the  Chairman  takes  this  oppor- 
tunity of  again  x>a3dng  testimony  to  the  generous  collaboration 
between  the  various  laboratories  which  has  enabled  this  to  be  done. 
It  is  evidence  of  the  virility  of  the  Sub-Committee  that  certain 
opinions  expressed  in  the  individual  contributions  are  not  neces- 
sarily held  unanimously  by  the  members,  and  the  vigorous  discus- 
sions in  the  Chemists'  Panel  and  Sub-Committee  have  led  to  the 
construction  of  the  forward  programme. 

Since  the  publication  of  the  Second  Report,  the  work  of  the 
co-operating  members  has  been  concerned  mainly  with  a  more  de- 
tailed study  of  existing  methods,  rather  than  with  developiiig  new 
ones,  and  the  additional  knowledge  presented  is  a  definite  advance 
on  previous  conceptions  of  those  methods.  The  respective  authors 
have  endeavoured  to  describe  as  concisely  as  possible  the  essential 
items  on  which  advance  has  been  made,  and  to  state  the  possibilities 
and  limitations  of  the  respective  methods  as  they  are  practised 
to-day. 

It  is  hoped  that  this  will  prove  of  service  not  only  to  those  who 
for  many  years  have  worked  on  the  subject  of  determining  the 
gases  (oxygen,  hydrogen  and  nitrogen)  in  steel,  but  particularly  to 
those  laboratories  who  desire  to  tak:e  up  this  work. 

The  necessity  for  these  determinations  cannot  now  be  ques- 
tioned, and,  although  the  problem  of  accurately  determining  quan- 
titatively the  respective  oxides  in  all  circumstances  still  demands 
farther  work,  this  Report  will,  it  is  hoped,  clarify  the  position  as 
to  the  relative  merits  and  demerits  of  the  respective  methods  used. 
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SECTION  II.— Thb  VAcmjM  Fusion  and  Vacuum  Heating 

Methods. 

Part  A. — The  DeUrmituUian  of  Oon^en,  Nitrogen  and  Hydrogen  in 
Sted,  A  Survey  of  the  Vacuum  Fusion  Method,  with  a  Note  on 
the  Solid  Solubility  of  Oxygen  in  High-Purity  Iron* 

By  H.  a.  ST.OMAN,  M.A.,  A.I.C.  (National  Physical  Laboratory, 

Teddinoton). 

(FIc  1  -  Plltf  ZLVm.) 

Synopsis. 

The  work  of  the  Oxygen  Sub-Ck>mmittee  on  the  vacuum  fusion 
method  is  reviewed.  A  comparison  of  the  forms  of  apparatus  in 
use  in  the  co-operating  laboratories  and  a  survey  of  the  fundamental 
work  which  has  been  carried  out  in  a  critical  examination  of  the 
method  at  the  National  Phjreical  Laboratory  are  made.  The  present 
position  with  regard  to  the  determination  of  oxygen,  nitrc^en  and 
hydrogen  in  irons  and  steels  is  summarised  and  &own  to  be  com- 
pletely satisfactory  in  the  cases  of  the  first  two  but  open  to  some 
doubt  in  the  case  of  hydrogen.  A  note  on  the  solid  solubility  of 
oxygen  in  high-purity  iron  is  included,  and  it  is  suggested  that  the 
limit  is  between  0*006%  and  0003%  of  oxygen. 


Pbiob  to  1933,  no  serious  attempt  to  examine  the  vacuum  fusion 
method  had  been  made  in  Great  Britain,  although  work  had  been 
carried  out  in  several  European  and  American  laboratories  for 
some  years  previously.  Doubt,  however,  still  existed  as  to  the 
validity  of  the  method  and  as  to  its  universal  applicability  to  all 
classes  of  steels  and  irons. 

The  attention  of  the  steel  industry  and  of  research  institutions 
in  Britain  was  being  increasingly  directed  towards  the  desirability 
of  establishing  a  reliable  method  for  the  determination  of  oxygen 
in  steel,  and  accordingly,  in  1933,  an  investigation  was  commenced 
at  the  National  Physical  Laboratory  on  the  vacuum  fusion  method 
in  an  attempt  to  examine  critically  its  possibilities  and  limitations. 
Simultaneously,  the  University  of  ShefiSeld  took  similar  action, 
and  shortly  afterwards  apparatus  were  set  up  by  two  industrial 
research  laboratories,  namely,  the  Central  Research  Department 
of  The  United  Steel  Companies,  Ltd.,  and  the  Brown-Firth  Research 
Laboratories.  For  some  time  all  these  laboratories  worked  more 
or  less  independently,  but  the  formation  of  the  Oxygen  Sub-Com- 
mittee of  the  Committee  on  the  Heterogeneity  of  Steel  Ingots  in 
1935  drew  them  much  closer  together  and  inaugurated  the  first 
experiment  in  co-operative  research  on  a  large  scale.  This  experi- 
ment has  proved  completely  successful;  overlapping  has  been 
avoided,  the  results  obtained  in  one  laboratory  are  freely  disclosed 

*  Received  March  6,  1941. 
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to  the  others  long  before  they  are  made  generally  available  by 
publication,  and  the  work  of  each  investigator  greatly  benefits  by 
the  criticisms  and  comments  of  fellow-members  of  the  Sub-Com- 
mittee. Progress  has  been  rapid,  and  our  knowledge  of  the  method 
to-day  is  undoubtedly  far  more  comprehensive  than  would  other- 
wise have  been  possible. 

Principles  of  the  Method, 

The  vacuum  fusion  method  depends  fundamentally  on  the 
affinity  of  carbon  for  oxygen  and  its  ability  to  decompose  oxides 
at  high  temperatures  with  the  formation  of  carbon  monoxide. 
These  reactions  are  of  the  balanced  equilibrium  type,  and  it  is 
accordingly  necessary  not  only  to  carry  out  the  determination  at 
a  high  temperature  but  also  to  remove  the  products  (i.e.,  the 
carbon  monoxide)  rapidly  and  completely  if  total  reduction  of  the 
oxides  is  to  occur.  From  the  quantity  of  carbon  monoxide  pro- 
duced and  the  weight  of  sample  taken  the  oxygen  content  of  the 
steel  is  determined. 

Apparatus. 

In  order  partly  to  attain  the  temperature  necessary  for  the 
rapid  reduction  of  most  oxides  and  partly  to  bring  carbon  into 
intimate  contact  with  them,  the  steel  or  iron  sample  is  held  in  the 
liquid  state  in  a  graphite  crucible,  whereupon  solution  of  carbon 
from  the  crucible  and  its  diffusion  throughout  the  melt  take  place 
very  rapidly.  Essentially,  therefore,  the  apparatus  consists  of  a 
closed  system — with  the  sample  or  samples  in  a  convenient  side 
tube— containing  a  graphite  crucible  heated  by  suitable  means  and 
into  which,  after  d^assing,  the  sample  can  be  introduced  from 
outside  by  means  of  a  magnet.  The  sjrstem  should  be  connected 
to  a  vacuum  pump  capable  of  producing  a  high  degree  of  vacuum 
and  having  a  fast  pumping  speed.  This  pump  is  usually  of  the 
mercury-vapour  diffusion  type  and  should  be  attached  to  the 
system  by  short  wide  connections  in  order  that  full  advantage 
may  be  taken  of  its  pumping  speed  and  a  high  vacuum  maintaineid 
above  the  surface  of  the  melt  during  the  evolution  of  the  carbon 
monoxide,  which  normally  takes  15-20  min.  The  gas  is  allowed 
to  collect  on  the  ''  backing  "  side  of  the  pump,  usually  in  some 
form  of  Toepler  pump,  from  which  it  can  be  transferred  to  a  gas- 
analysis  apparatus,  and  in  order  that  the  rise  in  pressure  on  the 
backing  side  of  the  diffusion  pump,  due  to  the  accumulation  of 
gas,  shall  not  reach  a  value  such  as  to  prevent  its  efficient  working, 
it  is  desirable  that  the  pump  shall  be  of  the  multi-sta,ge  type  capable 
of  operating  against  a  high  backing  pressure. 

Recent  Modifications. 

The  apparatus  set  up  in  the  four  above-mentioned  laboratories, 
while  they  differ  in  many  details,  satisfy  all  the  above  essential 
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requirements,  and  fiill  details  of  their  construction  and  operation 
have  already  appeared  in  previous  Reports/^*  Since  then  no 
drastic  changes  have  been  found  necessary,  but  some  modifications 
have  been  introduced  in  two  of  the  laboratories,  particularly  in 
the  direction  of  increasing  the  maximum  temperatures  at  which 
degassing  can  be  carried  out  and  thus  lowering  the  "  blanks  "  or 
alternatively  shortening  the  times  necessary  to  attain  the  previous 
blank  values.  At  the  National  Physical  Laboratory,  where  graphite 
powder  is  used  as  a  thermal  insulator,  further  experience  has  been 
gained  in  the  method  of  packing  the  powder  round  the  crucible, 
and  the  degassing  temperature  has  been  raised  from  about  2400^  C. 
to  about  2600^  C.  The  blank  has  been  correspondingly  lowered 
from  about  0006  ml.  per  hr.  to  about  0004  ml.  per  hr.  This 
represents  the  lower  limit  of  blank  value  in  the  particular  apparatus 
at  the  National  Physical  Laboratory;  because  there  exists  a  con- 
stant blank  for  the  mercury- vapour  pump  of  about  0-003  ml.  per  hr. 
The  blank  for  the  furnace  parts  is  thus  only  about  0*001  ml.  per  hr., 
but  since  the  pump  forms  part  o£  the  gas  collecting  system  its  own 
blank  cannot  be  ignored.  The  reason  for  the  gas  evolution  from 
the  pump  has  not  been  found.  It  has  been  shown  that  it  does  not 
occur  when  power  is  not  applied  to  the  mercury  boiler  and  also 
that  it  continues  indefinitely  at  a  constant  rate  when  the  boiler  is 
hot.  It  would  appear  to  be  due  to  some  slight  porosity  in  the 
metal  case  which  is  only  noticeable  when  hot.  The  total  blank  is, 
however,  so  small  as  to  be  completely  negligible. 

In  the  Brown-Firth  apparatus,  the  molybdenum  radiation 
screen  has  been  replaced  by  a  hollow  graphite  one  filled  with 
powdered  graphite.  It  is  constructed  of  two  thin  graphite  cylinders 
dififering  in  diameter  by  about  one  inch.  The  smaller  cylinder  is 
inserted  in  the  other  and  the  space  between  is  filled  with  graphite 
filings  passing  a  300-mesh  sieve  in  conformity  with  the  experience 
at  the  National  Ph3rsical  Laboratory.  The  use  of  this  screen  has 
raised  the  temperature  of  the  fumaca  for  the  same  power  input 
by  several  hundred  degrees  and,  unlike  the  molybdenum  one,  it 
has  an  almost  indefinite  life.  Owing  to  limitations  of  space  inside 
the  furnace,  the  four  supporting  pillars  for  the  head  of  the  furnace 
have  been  made  thinner  in  diameter  to  allow  for  the  extra  space 
taken  up  by  the  graphite  screen.  The  water-cooling  has  also  been 
made  more  eflFective  by  soldering  the  inner  water- cooling  ring  to 
the  lower  connecting  plate.  This  plate  is  th^by  kept  much 
cooler  and  a  waxed  vacuum  joint  has  been  dispensed  with.*  An 
open  full-length  mercury  manomoter  has  also  been  added  to  the 
equipment.  It  is  connected  to  the  mercury  of  the  Toepler  pump, 
so  that  on  compression  of  the  gas  in  this  pump  a  rapid  indication 

•  Complete  elimination  of  joints  in  the  various  forms  of  apparatus  is 
almost  impossible,  but  a  reduction  in  their  number  to  the  lowest  possible 
minimum  is,  in  the  author's  opinion,  very  essential.  This  applies  particu- 
larly to  greased  or  waxed  joints  in  positions  liable  to  become  heated,  when 
gases  may  be  evolved. 
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of  the  amount  of  gas  present  is  obtained.  This  has  been  found 
particularly  useful  at  times  when  the  quantity  of  gas  given  ofif  is 
too  small  to  be  transferred  accurately  to  the  analysis  apparatus. 
In  such  cases,  the  quantity  of  gas  can  be  measured  by  means  of 
the  manometer.  The  use  of  this  manometer  serves  a  purpose 
similar  to  that  of  the  McLeod  gauge  which  has  always  formed 
part  of  the  apparatus  at  the  National  Physical  Laboratory. 

In  Table  I.  are  set  out  for  comparison  the  essential  details  of 
the  four  sets  of  apparatus. 

The  "  Blanhr 

One  of  the  major  considerations  in  the  operation  of  the  method 
is  that  the  blank  for  the  apparatus  at  the  operating  temperature 
should  be  as  low  as  possible.  This  is  particularly  true  in  one 
primarily  designed  for  research  on  all  types  of  materials,  including 
those  containing  very  low  percentages  of  oxygen,  hydrogen  or 
nitrogen,  such,  for  instance,  as  oxygon-free  iron.  In  this  respect 
the  apparatus  at  the  National  ^Physical  Laboratory  is  considerably 
jn  advance  of  the  others,  in  spite  of  the  presence  of  the  large  mass 
of  fine  graphite  powder,  which  might  be  expected  to  contain  large 
quantities  of  gas,  the  removal  of  which  would  present  difficulties. 
It  would  appear,  therefore,  that  the  exceptionally  low  blank  is 
due  to  the  very  high  temperature  reached  during  the  degassing 
period.  The  low  power  consumption  for  this  temperature  should 
also  be  noted  as  illustrating  the  excellent  thermal  insulating 
properties  of  the  powder,  a  point  already  noted  above  in  the 
modification  recently  effected  in  the  apparatus  at  the  Brown- 
Firth  Research  Laboratories.  The  use  of  tne  ball  stopper  covering 
the  hole  in  the  lid  of  the  crucible  in  two  laboratories  may  also  be 
noted.  This  not  only  prevents  splashes  of  molten  metal  from 
being  ejected  from  the  crucible  but  also  considerably  reduces  the 
radiation  losses  from  the  open  end.  At  the  highest  temperatures 
these  losses  may  lower  the  maximum  attainable  by  as  much  as 
200°  C. 

Fundamental  Examination  of  the  Method. 

Turning  now  to  the  possibilities  of  the  method,  practically  all 
the  fundamental  work  has  been  carried  out  at  the  National  Physical 
Laboratory.  It  has  always  been  felt  by  the  Oxygen  Sub-Committee 
that  this  type  of  work  constitutes  the  best  method  by  which  the 
unique  facilities  of  the  National  Physical  Laboratory  can  con- 
tribute to  the  co-operative  investigation.  It  was  first  shown  that 
the  results  on  many  different  commercial  steels  were  reproducible. 
Where  this  was  not  so,  it  could  always  be  traced  to  segregation — 
such,  for  instance,  as  occurs  in  rimming  steels,  where  the  result 
depends  on  the  position  in  the  specimen  from  which  the  sample  is 
taken — or  to  trapped  slag.  With  one  reservation  to  be  discussed 
below,  it  was  then  found  that  several  (six  or  eight)  samples,  either 
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pertaining  to  each  individual  design  of  apparatus,  and  it  would  be 
desirable  for  each  investigator  to  check  Uiis  point  before  making 
determinations  on  this  type  of  steel. 

From  the  reproducibility  of  these  early  results  it  became 
apparent  that  they  had  some  definite  meaning,  even  if  they  did 
not  necessarily  represent  the  true  oxygen  contents.  At  this  time, 
no  other  reliable  method  existed'  for  the  determination  of  total 
oxygen  in  irons  and  steels.  A  comparison  was  therefoMT  impossible. 
The  behaviour  of  synthetically  prepared  simple  and  complex  oxides 
was  accordingly  examined.  This  work  has  already  been  described 
by  the  author  in  previous  Reports.*^**  Weighed  quantities  of 
oxide  were  inserted  in  capsules  of  a  steel  of  known  oxygen  con- 
tent, and  it  was  found  that  within  quite  narrow  limits  of  accuracy 
all  those  oxides,  whether  simple  or  complex,  likely  to  be  present 
in  all  types  of  steel  were  completely  reduced  by  carbon  at  sufficiently 
high  temperatures.  As  was  expected,  alumina  and  the  complex 
oxides  containing  alumina  were  the  most  difficult  to  reduce  rapidly 
and  completely.  However,  with  a  high  vacuum  above  the  surface 
of  the  melt,  a  temperature  of  about  1550^  C.  was  foimd  to  be 
sufficiently  high  to  complete  reduction  of  these  oxides  in  15-20  min. 

The  effect  of  metallic  constituents  was  next  investigated  in  a 
similar  manner.  In  the  case  of  manganese,  quantitative  results 
were  obtained  in  capsules  containing  up  to  12-15%  of  manganese, 
but  above  this  percentage  the  results  tended  to  be  low.  For 
aluminium,  no  variations  in  oxygen  content  were  detected  with 
up  to  2-5%  of  that  metal,  the  maximum  so  far  investigated.  In 
view  of  the  easily  reducible  nature  of  the  oxides  of  all  the  other 
metals  likely  to  be  found  in  steels,  it  is  unlikely  that  the  presence 
of  these  petals  themselves  would  affect  the  determinations,  rince 
in  no  case  do  problems  connected  with  volatility  and  film  formation 
exist  to  anything  like  the  extent  that  occurs  with  manganese.  The 
examination  of  the  effect  of  additions  of  these  metals  has,  therefore, 
not  been  undertaken. 

Present  Position  of  the  Method. 

On  the  assumption  that  the  synthetically  introduced  oxides  and 
metals  behave  in  a  manner  similar  to  those  actually  present  in 
steel,  a  temperature  of  #1650-1600°  C.  is  satisfactory,  and  the 
method  gives  true  values  for  total  oxygen  for  all  irons  and  steels 
within  the  composition  ranges  investigated  by  the  capsule  method. 
The  usual  time  for  complete  reduction  of  a  sample  is  20  min.  or 
less,  although  in  isolated  cases  25  min.  or  even  30  min.  may  be 
required.  This  extra  time  is  usually  associated  with  the  presence 
of  aluminium.     It  may  be  noted  that  the  other  three  laboratories 

E refer  an  operating  temperature  of  1650°  C.  as  a  measure  of  safety, 
ut  it  is  not  apparent  from  co-operative  work  on  the  same  steels 
that  the  higher  temperature  has  any  advantage  in  either  the  speed 
or  completeness  of  reduction.  . 
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The  co-operative  examination  of  both  commercial  and  specially 
prepared  materials  has  formed  an  important  feature  of  the  worx 
of  the  Oxygen  Sub-Committee  ever  since  its  formation  and  large 
numbers  of  steels,  cast  irons  and  pig  irons  have  been  examined 
by  the  vacuum  fusion  method,  in  some  cases  by  all  four  laboratories 
and  in  others  by  two  or  three.  So  far  the  attention  of  the  Sub- 
committee as  a  body  has  been  mainly  directed  to  carbon  steels, 
including  a  series  made  up  to  contain  i%  of  dififerent  alloying 
elements,  and  no  difficulty  has  been  experienced  in  obtaining 
reUable  results  on  any  of  the  specimens  examined.  Individual 
members  have  obtained  good  results  on  all  classes  of  alloy  steels 
and  there  seems  to  be  no  reason  to  suppose  that  the  alloy  steels 
which  form  part  of  the  Sub-Committee's  future  programme  will 
present  any  unexpected  problems. 

The  reproducibility  of  the  results  on  different  samples  of  the 
scune  iron  or  steel  is  very  striking,  and  is  of  the  same  order  no 
matter  whether  the  different  samples  are  reduced  in  the  same 
wparatus  at  any  one  laboratory  or  divided  between  two  or  more, 
llie  range  of  total  oxygen  content  with  which  one  is  normally 
.concerned  is  from  about  0002%  to  about  0-03%,  and  provided 
that  the  weights  of  samples  are  adjusted  to  give  reasonable  volumes 
of  gas  for  subsequent  analysis,  the  order  of  error  is  about  ±  00005% 
to  about  ±  0  001%  over  the  above  range  of  oxygen  contents.  In 
the  case  of  the  special  work  on  oxygen-free  high-purity  iron  carried 
out  at  the  National  Physical  Laboratory,  duplicates  of  the  type 
00004  ±  000005%  of  oxygen  have  been  obtained. 

Comparison  wUh  the  Aluminium  Reduction  Method, 

As  pointed  out  above,  at  the  time  when  this  investigation  was 
commenced  no  other  reliable  method  existed.  Within  the  last  year 
or  so  this  situation  has  changed  with  the  introduction  of  the 
aluminium  reduction  method  by  Gray  and  Sanders.  This  method 
was  originally  described  in  a  previous  Report.*^*  '  Certain  modi- 
fications, recently  introduced,  are  frdly  discussed  in  the  present 
Report  (Section  III.,  Part  A). 

Essentially  the  method  is  as  follows  :  The  oxides  are  converted 
into  alumina  by  melting  the  steel  sample  in  the  presence  of  excess 
alummium  at  about  1150°  C.  and  estimating  the  oxygen  chemically 
as  alumina.  It  is  thus  entirely  independent,  and,  in  general,  gives 
results  in  remarkably  good  agreement  with  the  vacuum  fusion 
method.  *In  some  cases  where  discrepancies  have  been  noted,  they 
have  been  traced  to  unsuspected  factors  influencing  the  results  by 
the  aluminium  reduction  method,  and  modifications  to  overcome 
them  have  led  to  the  values  by  the  two  methods  coming  into  line. 
Some  uncertainty  still  appears  to  exist  in  the  values  by  the  aluminium 
reduction  method  in  the  case  of  certain  cast  irons,  owing  to  the 
interference  of  large  amounts  of  silica,  but  the  general  agreement 
between  the  two  methods  is  very  gratifying  and  considerably 
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strengthens  the  case  for  the  reliability  of  each.  In  many  caaee 
this  agreement  is  of  the  same  order  as  that  existing  between  Afferent 
laboratories  operating  the  vacuum  fusion  method  itself. 

In  a  comparison  of  the  merits  of  the  two  methods  it  should  be 
noted  that  the  aluminimn  reduction  method  gives  total  oxyrai 
only,  whereas  the  vacuimi  fusion  method  gives  not  only  oxygen  but 
hydrogen  and  nitrogen  as  well.  The  fractional  form  of  me  latter 
method  may  eventually  be  proved  to  go  even  further,  and  split, 
with  reasonable  accuracy,  the  total  oxygen  into  its  constituent 
components.  It  seems  probable  that  the  aluminium  reduction 
method  is  somewhat  more  rapid  than  the  vacuum  fusion  method, 
but  against  this  must  be  set  the  fact  that  only  one  analysis  can  be 
made  in  the  former  as  against  a  large  number  in  the  latter.  This 
disadvantage  is,  however,  largely  off-set  by  the  relative  cheapness 
and  simplicity  of  the  equipment  required  in  the  former  method, 
which  would  permit  several  furnace  tubes  to  be  set  up  and  run  con- 
currently if  required. 

Fractional  Farm  of  the  Vacuum  Fusion  Method, 

It  may  be  convenient  here  to  discuss  briefly  the  present  position 
of  the  fractional  form  of  the  vacuum  fusion  method.  Most  of  the 
earlier  work  on  this  elaboration  of  the  ordinary  method  was  carried 
out  in  the  United  States  of  America  by  Reeve,***  Hoyt  and 
Scheil,***  Motok,***  &c.  More  recently  the  method  has  received  the 
attention  of  the  .Oxygen  Sub-Committee,  and  the  first  paper  by 
Swinden,  Stevenson  and  Speight  aj^eared  in  a  previous  Report.*'* 
The  results  of  their  experience  since  that  time  are  described  in  the 
present  Report  (Section  11.,  Part  B). 

The  method  is  based  on  the  fact  that  the  constituent  oxides 
in  steel  are  not  all  equally  readily  reduced  by  carbon,  and  there- 
fore, by  carrying  out  a  series  of  partial  reductions  at  different 
temperatures  from  about  1080°  C.  upwards,  it  is  hoped  that  the 
oxides  will  be  reduced  separately  in  the  order  FeO,  MnO,  SiOj 
and  AI2O3.  The  first  point  of  interest  lies  in  the  fact  that  the 
sum  total  of  the  oxygen  calculated  from  the  four  fractions  agrees, 
within  experimental  limits,  with  the  total  oxygen  as  determined 
by  the  ordinary  vacuum  fusion  method.  This  applies  equally  to 
hydrogen  and  nitrogen.  The  only  point,  therefore,  upon  which 
doubt  can  be  thrown  is  whether  the  separate  fractions  really  r^re- 
sent  the  oxygen  associated  with  the  particular  oxides.  Two 
possible  reasons  for  this  doubt  exist.  First,  interaction  may  occur 
between  the  oxides  and  metals  during  the  melting  with  tin  in 
the  presence  of  carbon,  tending  to  increase  the  low-temperature 
fractions  at  the  expense  of  the  higher.  Secondly,  it  may  be  im- 
possible to  reduce  separately  the  various  oxides  when  they  occur 
together  or  in  combinations.  These  points  wore  discussed  by 
Swinden  and  his  co-authors  in  their  earlier  paper,  in  which  atten- 
tion was  drawn  to  the  fact  that  the  true  base  pressure  of  the  S3rstem 
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between  fractions  could  not  be  attained  even  after  an  excessively 
long  time  taken  over  the  collection  of  each  fraction.  Curves  were 
given  illustrating  the  rapid  evolution  of  the  bulk  of  the  gas  at  the 
commencement  accompanied  by  a  sharp  drop  in  pressure,  followed 
by  an  excessively  slow  decrease  in  pressure,  which  in  some  cases  had 
not  reached  the  true  base  value  even  after  4  hr.  These  facts  can  only 
be  explained  on  the  assmnption  of  a  gradual  reduction  of  more  stable 
oxides  during  the  collection  of  each  fraction,  but  there  is  no  evidence 
to  show  which  of  the  above  hypotheses  offers  the  better  reason  for 
their  occurrence.  In  order,  therefore,  to  obtain  more  satisfactory 
results  and  to  cut  down  the  time  during  which  these  unwanted 
oxides  have  an  opportunity  to  reduce,  the  investigators  decided  to 
cease  the  collection  of  each  fraction  as  soon  as  the  first  rapid  drop 
in  pressure  had  occurred.  There  is  an  obvious  justification  for  this 
decision,  in  that  the  rate  of  reduction  of  the  next  higher  oxide 
must  vary  with  the  pressure  above  the  melt,  and  if  this  is  not 
permitted  to  fall  below  a  certairi — undetermined — rvalue,  reduction 
will  be  inhibited.  At  the  same  time,  of  course,  there  will  be  a 
tendency  for  the  wanted  oxide  to  be  incompletely  reduced  at  this 
higher  pressure,  and,  in  the  limit,  the  balance  of  the  fractions  may 
be  considerably  in  error  in  the  opposite  direction,  the  high-tem- 
perature Auctions  being  increased  at  the  expense  of  the  lower. 
The  basis  for  (he  work  on  the  method  is  thus  seen  to  be  still  some- 
what empirical,  the  results  depending  largely  on  the  particular 
technique  employed.  The  only  basis  of  comparison  available  at 
the  moment  is  with  the  chemical  residue  methods,  which  in  some 
cases  are  themselves  open  to  doubt  as  regards  not  only  the  total 
oxygen  but  also  the  various  fractions.  Nevertheless,  the  investi- 
gators are  to  be  congratulated  not  only  on  the  very  valuable 
contribution  that  they  have  made  to  our  knowledge  of  the  method 
but  fclso  on  the  way  in  which  they  have  brought  forward  the 
difficulties  which  confront  workers  in  this  field.  Further  investi- 
gation of  a  fundamental  nature  is  urgently  required,  and  the 
Oxygen  Sub-Committee  have  this  in  hand  as  part  of  their  friture 
programme. 

One  disadvantage  of  the  method  which  it  would  seem  impossible 
to  overcome  is  that  only  one  sample  can  be  reduced  each  time  the 
apparatus  is  assembled.  The  lengthy  processes  of  dismantling, 
cleaning,  assembling  and  degassing  are  necessary  after  every  sin^e 
determination.  Tins  arises  from  the  volatility  of  the  tin  present, 
which  if  taken  much  above  1300°  C.  behaves  in  the  same  way  as 
manganese  or  aluminium.  One  result  of  this  is  that  subsequent 
temperature  measurements  are  rendered  valueless.  Thus,  having 
once  taken  the  melt  to  about  1600°  C.  to  obtain  the  AljOg  fraction, 
it  will  be  difficult  to  drop  the  temperature  with  the  necessary 
accuracy  to  the  required  point  for  the  first  (FeO)  fraction  from  a 
second  sample.  This  difficulty  can  largely  be  overcome  if  the 
AI2O3  fraction  is  not  collected — that  is,  if  the  melt  is  never  taken 
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above^  about  1300°  C.  Under  these  conditions  it  may  be  possible 
to  obtain  all  the  fractions  up  to  and  including  the  Si02  on  several 
samples^  one  after  the  other  in  the  same  assembly.  Subsequent 
total  oxygen  determinations  on  similar  samples  by  the  ordinary 
vacuum  fusion  process 'would  give  the  AI2O3  by  difference. 

Type  of  Sample, — Surface  Oxygen. 

It  should  be  noted  that  the  samples  employed  in  both  forms 
of  the  vacuum  fusion  method  are  solid  cylinders,  usually  about 
1  in.  long  and  f  in.  in  dia.,  weighing  15-20  g.  Such  samples  have 
a  small  surface  area  per  unit  weight,  and  loss  of  accuracy  due  to 
interference  by  surface  oxygen  is  thus  reduced  to  a  minimum. 
The  use  of  miUings  or  other  t3rpes  of  sample  having  a  large  surface 
area  is  to  be  avoided  not  only  in  the  vacuum  fusion  met^iod  but  in 
all  others,  and  work  showing  the  magnitudes  of  the  errors  involved  ^ 
by  their  use  has  been  carried  out  at  the  National  Physical  Labora- 
tory. The  author,^^^  using  the  vacuum  fusion  method,  determined 
the  surface  oxygen  on  pure  iron  sheet  under  various  conditions 
and  found  that  for  freshly  abraded  surfaces  it  amounts  to  1  *5  X  1(H 
g.  per  sq.  cm.,  which  for  the  particular  thickness  of  sheet  used 
(0-004  in.)  is  equivalent  to  0-004%  of  oxygen.  Rooney,*®  using 
the  alcoholic  iodine  method  on  similar  pure  iron,  found  that  freshly 
prepared  millings  gave  an  oxygen  value  about  0-006%  higher  than 
that  obtained  with  a  solid  sample.  The  agreement  between  these 
results  is  striking  in  view  of  the  possibility  that  the  degree  of  sur- 
face oxidation  produced  during  the  preparation  of  sheet  is  not 
necessarily  comparable  with  that  which  occurs  during  milling. 
Further  comprehensive  investigation  of  surface  oxygen  as  it  affects 
not  only  pure  iron  but  different  types  of  steel  and  cast  iron  is 
being  undertaken.  For  this  purpose  use  will  be  made  of  the 
vacuum  fusion  method  and  also,  where  practicable,  the  alcoholic 
iodine  method. 

Turning  now  to  elements  other  than  oxygen,  both  nitrogen 
and  hydrogen  can  be  determined  by  the  vacuum  fusion  method. 

Nitrogen, 

A  comparison  between  the  results  obtained  by  the  vacuum 
fusion  and  chemical  methods  has  nearly  always  shown  excellent 
agreement  in  the  materials  so  far  examined.^^^  The  evidence 
strongly  suggests  that  nitrogen  is  present  in  iron  and  steel  in  a 
combined  form.  A  few  cases  have  been  found  where  the  values  by 
the  former  method  are  somewhat  higher  than  those  by  the  latter. 
These  have  always  occurred  in  molybdenum  or  titanium  steels 
containing  stable  nitrides,  the  decomposition  of  which  is  not  neces- 
sarily completely  effected  by  the  usual  chemical  method.*?*  It  is 
recognised,  however,  that  these  exceptional  steels  yield  reliable 
results  by  the  chemical  method,  provided  that  appropriate  modi- 
fications, leading  to  complete  decomposition  of  the  nitrides,  are 


OXYGBN   SUB-COMMITTEE. — SECTION  U.,   PAB*  A.  309  P 

made,  and  it  is  suggested  that  there  is  good  evidence  that  the 
difficulty  arises  from  the  stability  to  the  action  of  hydrochloric 
acid  of  the  nitrides  present  in  these  steels. 

A  contrast  to  the  above  is  provided  by  the  recent  experience 
at  The  United  Steel  Companies  laboratory  in  the  cases  of  one  or 
two  alloy  steels  which  tend  to  give  lower  results  by  the  vacuum 
fusion  method  than  by  the  chemical.  It  was  found  that  from 
these  steels  the  nitrogen  is  evolved  only  with  difficulty  and  that  to 
obtain  results  comparable  with  those  given  by  the  chemical  method 
prolonged  evacuation  at  1600°  C.  is  required.  It  is  possible  that 
this  dSficulty  is  connected  with  the  lowest  pressure  that  it  is 
possible  to  attain  in  the  particular  apparatus,  which,  as  will  be 
seen  from  Table  I.,  is  somewhat  higher  than  in  some  of  the  others. 
Further  examination  of  these  steels  is  awaited. 

The  total  nitrogen  as  determined  by  the  fractional  vacuimi 
fusion  method  agrees  well  with  the  results  obtained  by  the  ordinary 
vacuum  fusion  method,  the  bulk  of  the  gas  being  evolved  in  the 
final  (AlgOg)  fraction.*  It  would  thus  appear  that  the  form  of 
combination  of  the  nitrogen  is  such  that  a  high  temperature  is 
required  for  its  decomposition,  and  it  is  suggested  that  it  probably 
occurs  as  aluminiuxn  nitride. 

The  position,  then,  with  regard  to  nitrogen  may  be  considered 
satisfactory.  By  the  use  of  the  vacuum  fusion  method  attention 
has  been  drawn  to  possible  errors  in  the  chemical  method  normally 
employed  as  applied  to  certain  classes  of  steel,  and  modffications 
have  been  suggested. 

Hydrogen, 

It  has  been  known  for  some  time  that  hydrogen  is  evolved  from 
samples  during  the  vacuum  fusion  process  and  that  the  results  are 
reproducible.  Once  again,  difficulties  in  the  way  of  comparison 
arose  owing  to  the  lack  of  any  alternative  reliable  method  of 
analysis.  Results  obtained  at  the  National  Physical  Laboratory 
led  the  Oxygen  Sub-Committee,  soon  after  their  appointment,  to 
extend  their  field  of  interest  to  include  the  determination  of  hydro- 
gen, and,  as  a  result,  opportunity  was  first  provided  to  demonstrate 
quantitatively  the  progressive  lowering  of  the  values  for  hydrogen 
in  the  same  steel  due  to  increasing  amounts  of  hot- working.  This 
first  led  tfle  author  to  suggest  that  an  alternative  method  for  the 
determination  of  hydrogen  in  irons  and  steels  might  be  to  hold 
the  sample  at  between  600°  and  900°  C.  in  a  high  vacuum,  where- 
upon the  hydrogen  should  be  completely  evolved.  This  experi- 
ment was  carried  out  on  samples  of  many  different  steels,  and  it 
was  found  that  in  all  cases  evolution  of  hydrogen  did  in  fact  occur. 
This  ceased  after  1-2  hr.,  depending  on  the  particular  steel  and  size 
of  sample,  and  the  quantities  obtained  were  in  agreement  with 

♦  Swinden,  Stevenson  and  Speight,  see  reference  No.  7  and  this  Report, 
Section  II.,  Part  B. 
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those  by  the  vacuum  fusion  method.^  Newell  has  constructed 
an  apparatus  especially  for  the  purpose  of  estimating  hydrogen  in 
steels  based  on  this  vacuum-heating  extraction  method.  The 
apparatus  is  very  neat  and  simple,  and  full  details  have  been 
published/®^  It  will  be  noted  that  he  has  confirmed  the  author's 
results  in  every  case  and  has  applied  this  simplified  method  with 
success  to  many  steels  outside  the  range  originally  examined  at 
the  National  Physical  Laboratory.  A  similar  apparatus  is  now 
being  installed  in  The  United  Steel  Companies^  laboratory,  in 
which  it  is  proposed  to  incorporate  a  special  tap  of  the  type  described 
by  Willems/^^^  This  permits  samples  to  be  introduced  into  an 
evacuated  system  at  any  stage  in  the  course  of  an  experiment 
and  without  contamination  by  tap  lubricant.  Where  the  hydroffen 
content  only  is  required,  the  vacuum  heating  method  is  consider- 
ably more  simple  and  rapid  than  the  vacuum  fusion  method,  but 
it  is  not,  of  course,  applicable  to  the  determination  of  oxygen  and 
nitrogen. 

As  indicated  above,  results  by  the  fractional  vacuum  fusion 
method  are  in  agreement  with  those  by  the  ordinary  vacuum  fusion 
method.  It  should  be  noted  that  in  the  former  method,  the  whole 
of  the  hydrogen  is  invariably  obtained  with  the  first  fraction,* 
thus  strengthening  the  imderlying  basis  of  the  low-temperature 
vacuum  heating  procedure. 

The  agreement  between  laboratories  on  hydrogen  is  not  as  good 
as  on  the  other  elements,  particularly  where  the  hydrogen  content 
is  low.  This  may  possibly  be  due  to  variability  in  the  hydrogen  from 
sample  to  sample  or  to  uncertainties  arising  out  of  the  blanks  for 
the  various  systems.  In  some  cases  these  blanks  are  relatively 
large  and  contain  considerable  percentages  of  hydrogen. 

While  from  the  foregoing  it  might  appear  that  the  general  position 
with  regard  to  hydrogen  is  satisfactory,  actually  it  is  far  from  being 
so  when  the  work  of  Chaudron  ^^^^  and  his  collaborators  is  considered. 
Using  ionic  bombardment  of  the  sample  in  the  cold,  they  found 
volumes  of  hydrogen  many  times  larger  than  those  given  by  any 
other  method,  not  only  in  steels  but  also  in  other  metals,  such  as 
aluminium.  The  results  are  in  fact  so  different  as  to  be  quite 
irreconcilable,  and  one  is  forced  to  conclude  either  that  there  is, 
in  metals,  a  large  quantity  of  hydrogen  which  cannot  be  extracted 
by  any  form  of  heating  or  melting  in  vacw),  or  alternatively  that 
Chaudron's  results  are  subject  to  some  unsuspected  interference 
from  outside.  Recent  work  by  Schmid  and  von  Schweinitz*^ 
appears  to  confirm  the  latter  view.  The  matter  is  of  such  import- 
ance that  it  cannot  be  allowed  to  rest,  and  the  Oxygen  Sub-Com- 
mittee have  arranged  for  an  apparatus  similar  to  that  used  by 
Chaudron  to  be  set  up  in  an  attempt  to  throw  further  light  on 
the  differences.  Meanwhile  the  view,  not  only  of  the  author,  but 
of  the  other  members  of  the  Sub-Committee  operating  the  vacuum 

*  Swinden,  Stevenson  and  Speight,  loc,  oil. 
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fiiaion  method,  is  that  the  evidence  is  largely  in  favour  of  true 
figures  being  obtained  by  this  method. 

Other  Uses  of  the  Method. 

In  conclusion,  it  may  be  pointed  out  that,  in  addition  to  the 
continued  use  of  the  vacuum  fusion  method  for  its  usual  purpose 
of  determining  the  oxygen,  ndtrogen  and  hydrogen  in  cast  iron 
and  steel,  its  scope  is  gradually  being  extended  to  other  problems. 
At  the  National  Physical  Laboratory  it  has,  as  already  indicated, 
been  applied  succesdully  to  the  determination  of  su!tface  oxygen  on 
high-purity  iron  sheet  and  the  work  is  now  being  expanded  to 
induae  the  surface  oxygen  on  millings.  Recently,  other  ferrous 
materials  have  been  examined,  and  preliminary  work  on  non-ferrous 
metals  such  as  aluminium,  cobalt,  &c.,  is  in  progress. 

SohibUUy  of  Oxygen  in  High-Purity  Iron, 

In  the  coiu*se  of  the  production  of  high-purity  low-oxygen  iron, 
a  combination  of  microscopic  examination  and  the  vacuum  fusion 
method  has  incidental^  resulted  in  a  more  accurate  knowledge  of 
the  solubility  limit  of  oxygen  in  iron.  Tritton  and  Hanson  ^^** 
put  the  limit  at  about  0*05%  of  oxygen,  but  this  figure  was  prob- 
ably subject  to  errors  owing  to  experimental  difficulties  existent 
at  the  time.  Micrographs  in  Fig.  1  show  the  microstructures  of 
four  samples  of  iron  after  slow  cooling  and  containing  0*15%, 
00059%,  00028%  and  00004%  of  oxygen,  respectively.  The 
first  sample  was  saturated  with  FeO  at  the  melting  point,  and 
the  others  were  produced  at  various  stages  dining  the  deoxidation 
of  the  iron  by  hydrogen.  The  amount  of  oxygen  in  solution  in 
relatively  pure  iron  after  slow  cooling  to  rpom  temperature  thus 
appears  to  lie  between  0  006  and  0  003%.  It  is  hoped  that 
opportunity  will  enable  these  limits  to  bis  even  more  closely 
defined  in  the  near  future. 

The  author  wishes  to  acknowledge  the  assistance  o  those 
members  of  the  Oxygen  Sub-Committee  to  whotse  work  reference 
is  made  in  the  paper,  which  is  published  by  permission  of  the 
Director,  National  Physical  Laboratory. 
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Pabt  B. — The  FracliomiL  Vacuum  Fusion  Method  far  the  SeparcUion 
of  Oxides  and  Oases  in  Steel.    Further  Practice  and  Topical  ResuUs.^ 

By  T.  SWINDEN,  D.Met.,  W.  W.  STEVENSON,  A.I.C.,  and 
G.  E.  SPEIGHT,  B.Sc,  A.I.C.  (Stocksbbidob,  neab  Shejtield). 

Synopsis. 

Typical  results  obteuned  by  the  fractional  vacuum  fusion  pro- 
cedure for  several  types  of  steel  are  presented  and  compared  in 
some  instances  with  results  obtained  by  the  alcoholic  iodine  method. 
The  usefulness  and  limitations  of  the  fractional  technique  are 
discussed. 


SiNOB  the  publication  of  the  authors'  paper  on  this  subject,'  the 
fractional  vacuum  fusion  method  has  been  constantly  applied  in  the 
Stocksbridge  Laboratory  to  various  t3rpes  of  material  and  a  large 
amount  of  data  has  been  accumulated.  In  many  cases,  the  materials 
have  been  examined  by  other  methods,  notably  the  alcoholic  iodine 
and  the  direct  total  vacuum  fusion  methods ;  some  of  the  results 
obtained  are  reported  in  Tables  II.  to  VIII.,  to  indicate  the  scope  and 
usefulness  of  the  fractional  determination. 

The  process  is  carried  out  essentially  as  described  in  the  previous 
paper,  and  provides  a  rapid  method  whereby  easily  reducible  oxides 
present  in  a  steel  are  distinguished  from  the  less  easily  reducible 
compounds.    The  method  has  been  criticised  on  the  grounds  that 

^  A  communication  from  The  United  Steel  Companies,  Ltd.,  Central 
Research  Department,  Stocksbridge,  near  Sheffield,  received  February  7,  1941. 

*  Eighth  Report  on  the  Heterogeneity  of  Steel  Ingots,  p.  63,  Iron  and  Steel 
InstituU,  1939,  Special  Report  No.  25. 
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Tablv  II. — Determination  of  Oxygen  by  Fractional  Vacuum  Fusion, 

Cast  X4890. 
Manufacture :  Basic  open-hearth. 


Analysis:      0.    %.      Mn. 

009  0-35 


o/ 


Si.    %. 
008 


s.    %. 
0022 


P.    %. 
0012 


Cr.    %. 
003 


Oxygen.    %. 

Oxide.    %. 

Hydrogeiu 

Nitrogen.  %. 

Ml.  per  100  g. 

%. 

FeO 
BiiiO 
SiO,       . 
A1,0,     . 

Total    . 

Direct  tot^l  . 

FeO 
MnO 
SiO. 
A1,0,     . 

Total    . 

Direct  total  . 

00008 
00044 
00047 
00024 

C(ul  X48{ 

0003, 
0019, 
0009 
0005 

K)A. 
0-4 

•  •  • 

•  •  • 

•  •  • 

000003, 

•  •  • 

•  •  • 

•  •  • 

00002 
0-0004 
00042 

0012, 

0037 

0-4 

000003, 

0006 

00125 

Cast:^ 

0-0001 
00001, 
00011 
00055 

•  •  • 

:4890C,  (dw 

OOOO, 
OOOO, 
0002 
0011, 

0-2 

ninium-treai 

0-2, 
00, 

•  •  • 

•  •  • 

•  •  • 

000002 
000000, 

•  •  • 

•  •  • 

.    0004 

•  •  • 

0-6002 
00027 

0007 

0015 

0-3 

000002, 

0003 

0006 

•  •  • 

0-3 

•  •  • 

0002, 

the  separate  constituents  of  complex  non-metallic  inclusions  cannot 
be  expected  to  respond  to  complete  fractional  separation,  and  the 
authors  acknowledge  that  there  is  justification  for  this  criticism.  If 
an  absolute  criterion  of  the  distribution  of  oxygen  in  steels  were 
known,  it  would  be  possible  to  investigate  with  certcdnty  the  degree 
of  accuracy  of  the  fractional  separation,  but  no  such  standard  is 
available.  Hence,  we  are  dependent  upon  less  absolute  methods  of 
assessing  the  validity  of  new  developments  of  this  type,  and  the 
agreement  of  certain  fractions  with  residue  methods  is  sufficiently 
good  to  warrant  confidence  in  the  fractional  technique.  PracticaJ 
difficulties  in  the  method  of  fractionally  reducing  synthetic  mixtures 
of  complex  oxides  and  silicates  have  been  observed,^  but  it  is  planned 
to  proceed,  forthwith,  upon  an  investigation  into  the  response  of 
certain  definite  compounds,  such  as  fJEiyalite,  spinels,  &c.,  to  frac- 
tional reduction. 

The  separation  of  ii^n  and  manganese  oxides  is  admitted  to  be  a 
difficult  operation,  owing  to  the  small  interval  between  the  tempera- 


^  Reeve,  Transactions  of  the  American  Institute  of  Mining  and  Metallurgioal 
Engineers,  1934,  Iron  and  Steel  Division,  vol.  113,  p.  82. 
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Tablb  V. — Fractional 

Manufacture. 

Mark. 

Analysis: 
Carl)on.    % 
Manganese.    %   . 
SUicon.    % 
Sulphur.    % 
Phosphorus.    % 
Nickel.    % 
Chromium.    %    . 
Molybdenum.    % 
Oopper.    % 


Fflkmiim  Fusion  Determination  of  Oxygen  in 
Molybdenum  Steel  Plates, 


Bade  Open-Hearth. 
HIAO.  17141.  mi2. 


0-23 

0-65 

0-18 

0*048 

0-043 

0*04 

0*07 

0-51 

0*03 


0*32 

0-58 

0*09 

0*080 

0*044 


0-59 


0*28 

0*51 

0-09. 

0*080 

0087 


0-69 


BleetrioAro. 
l-in.  Plate,     l-in.  Plate. 


0-85 

0*22 

0*60 

0*46 

0*16 
0*019 

017, 
0*017 

0*081 

0*081 

0*11 

015 

0*81 

0*20 

0-56 

0*64 

0*10 

•  •• 

Sample. 

Constituent. 

Oxygen. 

Hydrogen. 

Nitrogen. 

Oxygen. 
%. 

Oxide. 

Ml.  per 
100  g. 

%. 

HUO. 

FeO  fraction. 
MnO      „ 
SiO.      „ 
Al.O,     „ 

Total. 

Direct     deter- 
mination. 

0-0006 
0-0036 
0-0067 

0-0087 

1 

0-008 
0*016, 
0*011 
0*008 

0*2 

•  •• 

•  •• 

•  •• 

0-00002 

•  •• 

•  •• 

•  •• 

NU 
0-0002 
0-0002 
0*0086 

0018g 
0-018 

0-087, 

•  •  • 

0*2 

•  •• 

0-00002 

0*004 
0-004 

HUl. 

First  Detertninai 
FeO  fraction. 
MnO      ,. 
SiO.      „ 
Al,6.     „ 

Total. 

Second  Dttermin 
FeO  fraction. 
MnO      „ 
SiO.      „ 
A1,0,     „ 

Totel. 

Direct     deter- 
mination.    * 

ion. 

0*0009 
0-0043 
0-0101 
0*0118 

0004 
0-019   . 
0-019 
0*024 

0*2, 
0-0, 

•  •• 

•  •  • 

0-00002 
0-00000, 

•  •• 

•  •• 

NU 
0-0001 
0-0004 
0*0028 

0-026, 

ntion, 
0-0008 
0-0048 
0*0109 
0-0123 

0-066 

0-003, 
0-019 
0*020, 
0026 

0-3 
0-1 

•  •• 

•  •• 

•  ■  • 

0-00002, 
0-00001 

•  •• 

•  •• 

•  •  ■ 

0*008, 

NU 
0-0001 
0*0004 
0*0086 

0-028, 
0-088 

•'    0-069 

•  •  • 

0-1 
Nil 

0-00001 

•  •  • 

0-004 
0*008, 

HH2. 

FeO  fraction. 
MnO      „ 
SiO.      .. 
A1,0,     „ 

Totel. 

Direct     deter- 
mination. 

0*0009 
0-0036 
0-0070 
0*0036 

0-004 
0*016 
0-013 
0-007, 

0-1, 

•  •• 
■  •• 

•  •• 

0-00001, 

•  •• 

•  •• 

•  •• 

0*0002 
0*0008 
0*0001 
0-0081 

0016 
0-015 

0-040, 

•  •  • 

0-1, 
Nil 

0-00001, 

•  •  • 

0-004 
0*004 

Hn. 
Plato. 

FeO  fraction.  \ 
MnO      „        ; 
SiO.      „ 
Al,6,     „ 

Totel. 

0-0008 

00012 
0-0007 

0*001, 

0-002, 
0-001, 

0-2, 

•  •  • 

•  •  • 

0-00002 

•  •  • 

•  •• 

•  •• 

0-0009 
0*0071 

0-002, 

0-005, 

0-2, 

0-00002 

0008 

1  in. 
PUto. 

FeO  fraction.  \ 
MnO      „         / 
SiO.       ,. 
A1,0,     „ 

Totel. 

0-0006 

0-0020 
0-0012 

0-002 

0-0O4 
0-002, 

0-3 

•  ■  • 

•  •  • 

0-00002, 

•  •• 

•  •• 

0*0006 

0-0010 
0-0064 

0003, 

0008, 

0-3 

0*00002, 
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Tablb  VII. — DeiennifuUion  of  Oxide  Indimons  by  the  Fractional 

Vacuum  Fusion  Method. 


Manufacture : 
Ladle  addiUoos : 

Oarbon 

Fwro-znaDganese 

SUioo-manganese 
Mould  addition :  Alsimin 
Pitanalyaii: 

Carbon.    % 

Manganese.    % 

Silicon.    % 

Sulphur.    % 

Phosphorus.    % 


Basic  open-hearth. 
Out  68868.    Oast  68808. 


801b. 

1801b. 

7601b. 

10001b. 

860  lb. 

1001b. 

6  lb. 

S|lb. 

014 

048 

0-49 

0«70* 

0-009 

... 

0*043 

0-046 

0-087 

0-061 

Sample. 

Confitituents. 

Alcoholic  Iodine 
Method. 

Fractional  Vacuum  Fusion  Method. 

Oxygen. 

Oxide. 

%. 

Oxygen. 

Oxide. 

Hydrogen. 
lfl.per 
100  g. 

Nitrogen. 

Out 
62363. 

Total  residue. 

•  •• 

/0-666 
\0*066 

Plate 

FeO. 

0-001 

0«006, 

0*001 

0-006 

0-6, 

00003 

No.  37, 

MnO. 

0-003, 

0*014, 

0*006 

0-027 

0-1 

0-0001 

top  of 

SiO,. 
AlA. 

Or.O,. 
P.O.. 

TV>taL 

0-008 

0*016 

0*009 

0-017 

•  •  • 

NU 

ingot. 

0-010 

0-021 

0*003, 

0-008 

•  •• 

0-0034 

•  •  • 

0-001 

■  •  • 

0-002 

•  «• 

0*0086 

0023 

•  •• 

0-019, 

•  •• 

0-6, 

0*002, 

Total  by  direct 

Tacuum  fusion. 

0*018 

•  •• 

0-4 

0-008 

Gut 

Total  residue. 

•  •  • 

0*079 

523C3. 

Plate 

FeO. 

0-001, 

0-006, 

0-001, 

0-007 

0-6 

0*0008, 

No.  29, 

MnO. 

0-OOfi 

0-027 

Ot006 

0-033, 

•  •  • 

OHXK)! 

bottom 

SiO,. 

A1,0,. 

TiOj. 

Orapa. 

P,0,. 

Totol. 

0-007, 

0-014 

0*009, 

0-017, 

•  •  • 

0*0008, 

of  In- 

0-010 

0-021 

0-004 

0-009 

•  •  • 

0*0031 

got. 

•  •  • 

0-000, 

•  •  ■ 

0-001, 

•  •  • 

0-003 

0-026 

•  ■  • 

0-020 

•  •  • 

0-6 

0*002, 

Totol  by  direct 

vacuum  fusion. 

0-019, 

•  •• 

0*8, 

00086 

Cut 
63808. 

Total  residue. 

•  •• 

/0-068 
l0*067 

Top  of 

FeO. 

0-001, 

0-007, 

0-001 

0-004 

0-8, 

0*0001 

Ingot. 

MnO. 

0-004, 

0-022 

0*004, 

0-019 

0-0, 

0-0001    . 

SiO,. 
ALO,. 

no,. 

Cr,0,. 

0-006 

0-011 

0-004 

0-007, 

•  •• 

0*0008 

0-003 

0-000, 

0*001, 

0-003, 

•  •• 

0-0088 

•  ■  • 

0-000, 

•  •  • 

0-002 

P.O.. 
ToUl. 

•  •  • 

0-006 

0-016 

•  •  • 

0-011 

•  •  « 

0-4 

0-008, 

ToUl  by  direct 

vacuum  fusion. 

0*010, 

•  •  • 

0-9 

0-008, 

Cut 
62308. 

Total  residue. 

•  •■ 

/0-080 
\0^82 

Bottom 

FeO. 

0-001, 

0-006, 

0*001, 

0-007, 

0-8, 

0*0001, 

of  in- 

MnO. 

0-006 

0-027 

0*006 

0-025, 

•  •• 

0*0002, 

got. 

SiO,. 

^.- 

Or.O,. 
P.O.. 

TMaL 

0-007 

0*018 

0*010, 

0-019, 

•  •  • 

0*0004 

0-009 

0-019, 

0-008 

0-007 

•  •  • 

0-0034 

■  •  • 

0-001, 

•  ••                  a 

0*002 

•  •• 

0-007 

0*028, 

•  •• 

0*021 

... 

0-8, 

0K)08, 

Tdtal  by  direct 

0*019, 

... 

0*4 

0^)08, 
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*Tablb  Vlll. — Dekrmination  of  Oxygen  in  Steel  by  the  Fractional 

Vacuvm  Fusion  Method. 

Oast  SO/9566. 
Add  open-he&rth. 


S.    %. 
0*031 


Ni. 


Of 


Or.    %. 
0-67 


Mo.    %. 
0-42 


Hannfaotort : 
Pllnmpla  analTBit : 

O.    %•      Mn.     fy,  oi.     /Q.  w.     ^.  X .     /o*  *"•     /o- 

0*38            0*67  0*28,  0*031           0*081            3-84 

Anftlj^  of  stage  test  mould  samples  (not  treated  with  aluminium)  taken  during  mannfacture : 

0.    %.  Mn.    %.  8L    %.  Ni.    %.  Or.    %.     Mo.    %. 

No.  5             1*40  0-14  0*03             3-29  ■    0*16             0*48 

No.  6             0-84  0*26  0-31             3-30             0-19            0-50 

No.  8            0-38  0-30  0-16             3-36             0-18             0-49 


Sample. 

Oxygen. 

Hydrogen. 

Nitrogen. 

Oxygen. 

Oxide. 
%- 

ML  per 
100  g. 

%- 

Ml.  per 
100  g. 

%. 

No,  5  mttatd, 
PeO 
MnO 

8iO.          ... 
AlaOt 

Tt>tal 

Dizect  total  ozjgen  de- 
tenninatloii 

0*0040, 
0-0039 
0*0007, 
0*0009 

0-018 
0-018 
0-001, 
0*003 

0-7, 
0-8, 

•  •• 

•  •• 

0-00007 
0-00008 

•  •  • 

0-15 
0-07 
0-16 
1-34 

0-0003 
0*0000, 
0*0003 
0-0017 

0*008, 
0*006, 

0*034, 

11 

0-00010 

• 

1-71 

0002 

No,  6  MiMM. 
PeO 
MnO 

610.           ... 
▲1«0, 

Total 

Direct  total  oxygen  de- 
termination 

0*0033 
0*0047, 
0*0013, 
0*0018 

0-010,. 
0-021 
0-002, 
0-004 

0-5 
0-1, 

«•• 
•  •• 

0-00004, 
0-00001, 

•  •• 

•  •  • 

•  •  • 

0-11 
0-06 
0-96 

o-oiioi, 

0*0000, 
0*0013 

0*010 
0-009, 

0-088 

0-6, 

0-00006 

1-13 

0-001, 

No.  8  unHOed, 
jreu          ... 
MnO 
BiO. 

Total 

Direct  total  oxygen  de- 
termination 

0-0018 
O-0O71 
0-0033, 
0*0053, 

0-008 
0-031, 
0-006, 
0-011, 

0-4 
0-2, 

•  «  • 

•  •  • 

0-00003, 
0-00002 

•  «• 

•  •  • 

0-19 
0*89 

0-0002, 
0-0011 

0-017, 
0-016 

0-067, 

0-6, 

0-00005, 

1-08 

0-001, 

tores  at  which  iron  and  manganese  oxides  are  reduced  respectively. 
The  lower  temperature  is  limited  by  the  melting  point  of  the  alloy 
with  tin,  and  attempts  to  obtain  a  substantial  decrease  in  this 
temperature,  avoiding  the  use  of  easily  volatilised  metals,  have  not 
met  with  success  up  to  the  present  time. 

The  fractional  vacuum  fusion  method  has  been  particularly 
successful  in  the  examination  of  unkilled  steels  of  the  rimming  type, 
where  the  oxygen  is  believed  to  be  present  as  basic  oxides  not  com- 
bined with  any  substantial  amount  of  silica.  With  the  present 
technique  of  the  residue  methods,  the  values  obtained  for  FeO  and 
MnO  in  such  materials  are  of  doubtful  value,  being  usually  low. 
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Moreover,  if  oxygen  exists  *'  in  solution  in  the  steel "  it  is  possible 
that  the  residue  methods  may  fail  to  separate  oxygen  existing  in  this 
form. 

Sne/  Comments  on  the  Results, 

Taking  the  figures  in  Table  IV.,  where  fractional  vaouum  fusion 
results  and  alcoholic  iodine  residues  are  given  for  the  top  and  bottom 
plates  rolled  from  an  ingot  of  basic  ojpen-hearth  steel,  agreement 
between  the  two  methods  is  quite  satisfactory.  Detailed  comments 
on  the  significance  of  the  fractional  results  were  made  in  the  authors' 
previous  publication  (loc.  cU.),  but  the  following  points  are  re- 
iterated : 

(1)  The  fractional  result  for  iron  oxide  is  usually  lower  than  that 
of  the  residue  methods  in  steels  containing  a  preponderance  of 
silicate  non-metallics ;  in  unkilled  steels  of  the  rimming  type,  the 
fractional  result  is  usually  higher  in  iron  oxide  than  that  obtained 
in  separated  residues. 

(2)  A  higher  figure  for  manganese  oxide  is  usually  obtained  by 
the  fractional  method  than  by  residue  procedures. 

(3)  Steels  containing  complex  silicates  tend  to  give  slightly  low 
silica  results  by  the  fractional  method,  which  fairly  readily  recognises 
such  non-metallics  by  their  comparative  slowness  of  reduction  at  the 
temperature  of  the  silica  fraction.^ 

(4)  Fractional  alumina  results  are  usually  lower  than  those 
obtained  by  residue  methods.  This  may  be  due  to  the  separation 
by  the  residue  methods  of  compounds  of  aluminium,  other  than 
oxides,  and  further  investigation  of  this  possibility  is  in  hand  by  the 
Sub-Committee. 


Part  C. — The  Determination  of  Hydrogen  by  Vacuum-Heating,^ 
By  W.  C.  NEWELL,  Ph.D.,  D.I.C.  (Brown-Fibth  Reseabch  Laboratoriks, 

SHBfFIELD). 

In  the  Journal  of  the  Institute  ^  the  author  hsii  already  published 
a  paper  giving  details  of  an  apparatus  which  he  designed  and  con- 
structed for  the  determination  of  hydrogen  in  steel  by  heating  in  a 
high  vacuum  at  a  temperature  of  only  600°  C.  The  rate  of  evolution 
of  hydrogen  from  steel  over  a  range  of  temperature  from  400**  to 
900°  C.  was  explored,  and  the  total  hydrogen  given  off  was  shown 
to  be  independent  of  the  temperature.  A  careful  comparison  was 
made  of  the  results  obtained  by  this  method  and  those  by  the  author's 
vacuum-fusion  apparatus,  and  a  number  of  results  were  given  for 
different  types  of  steel,  showing  that  there  is  a  good  agreement. 

*  Received  February  7,  1941. 

*  Journal  of  the  Iron  and  Steel  Institute,  1940,  No.  I.,  p.  243  P. 
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Since  the  publication  of  the  above  paper,  to  which  reference 
ahould  be  made  for  farther  details,  the  single-stage  mercury- vapour 
pump  has  been  replaced  by  a  similar  two-stage  piunp.  Whilst  the 
pumping  rate  is  thereby  improved  and  the  degree  of  vacuum  attained 
is  presumably  higher,  no  cUfference  has  been  observable  in  the  per- 
formance of  the  apparatus,  which  has  continued  to  be  used  in  a 
Idghly  satisfactory  manner  for  fundamental  research  work  upon  the 
hydrogen-iron  system. 


SECTION  m. — ^Thb  Aluminium  Rbduotion  Method. 

Pabt  a. — The  Development  and  Comparison  of  Two  Procedures  for 
the  Aluminium  Reduction  Method  for  Determining  Oxygen  in 
Steel.    Oeneral  Summary  Showing  Applicability  of  the  Aluminium 

Reduction  Method,^ 

By  N.  gray,  M.Mbt.,  and  M.  C.  SANDERS  (Pght  Talbot). 

(Fig.  8  -  Plate  XLVm.) 

Synopsis. 

Recent  developments  in  the  design  and  manipulation  of  the 
apparatus  for  the  aluminium  reduction  method  using  an  atmosphere 
of  nydrogen  are  described,  with  particular  reference  to  the  simpli- 
fication of  the  blank  estimation. 

The  development  is  traced  of  a  modification  in  the  procedure 
whereby  the  atmosphere  of  hydrogen  is  dispensed  with  and  the 
determination  carried  out  in  a  tube  from  whicn  the  atmosphere  htis 
been  evacuated  to  a  pressure  of  8  mm.  of  mercury  by  means  of  a 
pulsometer  pump. 

Results  obtamed  on  various  steels  on  which  the  oxygen  content 
had  previously  been  determined  by  vacuum  fusion  and  by  the 
aluminium  reduction  method  in  hydrogen  are  given.  The  oxygen 
content  in  known  weights  of  various  oxides  and  compounds  has  been 
recovered  in  this  way.  The  summary  calls  attention  to  the  possible 
application  of  the  method  in  other  directions. 

Determination  of  Oxygen  in  Hydrogen  Atmosphere, 

No  alterations  in  the  design  of  the  apparatus  or  in  the  pro- 
cedure for  determining  oxygen  by  the  aluminium  reduction  method 
in  an  atmosphere  of  hydrogen  have  been  made  since  the  publication 
of  the  Second  Report  of  the  Oxygen  Sub-Committee,  but  one  or  two 
modifications  had  been  made  just  previously  and  were  only  lightly 
touched  upon,  and  are  referred  to  in  greater  detail  below. 

Modification  of  the  Original  Apparatus. — -The  Drechsol  washing 
bulb  containing  sulphuric  acid  has  been  removed. 

The  opening  of  the  silica  tube  after,  or  in  restarting,  an  experi- 
ment has  been  simplified  by  the  insertion  of  a  three-way  capillary 

*  Received  March  10,  1941, 
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glass  stopper,  connected  to  the  atmosphere  throngh  a  Drechsel 
washing  bulb  containing  syrupy  phosphoric  acid,  between  the 
soda-asbestos  tube  and  the  phosphoric  anhydride  tube.  It  is 
considered  that  this  arrangement  reduces  the  possibility  of  explo- 
sions to  a  minimum. 

The  present  arrangement  is  shown  in  Fig.  2. 


f 


Connect/on    fo  ht^cfrogen  supply 


A,  Preheater  furnace  for  tube  containing  platinum-asbestofl. 

J9.  Nesbitt  bulb  containing  soda-asbestos. 

C  Drechsel  8cru];)ber  containing  syrupy  phosphoric  acid,  sp.  gr.  1*75. 

D,  Capillary  glass  tube,  T-form,  with  3-way  stopcock. 

E,  Nesbitt  bulb  containing  phosphorus  pentoxide  suspended  on  glass  wool. 

F,  High-temperature  furnace  for  melting  of  metal  in  graphite  IxMtt. 
Q,  Drechsel  scrubber  containing  concentrated  sulphuric  aoid, 

Fio.  2. — Present  Arrangement  of  the  Apparatus  for  the  Aluminium 

Reduction  Method. 

The.  Blank  Estimation, — ^As  carried  out  in  the  orimial  method, 
the  determination  of  the  blank  called  for  considerable  care,  and 
even  so  the  fused  sample  in  the  boat  was  usually  covered  with  a 
film  of  white  furry  material,  which  was  thought  at  the  time  to 
be  aluminium  carbide  but  which  has  since  been  foimd  to  be 
aluminium  sulphide.  This  film  was  only  soluble  with  great  diffi- 
culty in  the  acid  mixture  prescribed  and  hence  tended  to  give  a 
slightly  high  blank  upon  ignition  of  the  final  alumina  residue. 
For  this  reason,  scrubbing  of  the  hydrogen  with  sulphuric  acid  was 
discontinued,  and  it  has  also  been  found  a  safeguard  to  use  black 
pressure  tubing  containing  no  sulphur  compounds  for  making 
connections.  As  a  result  of  these  precautions  the  film  has  dis- 
appeared. 

When  the  method  is  applied  to  steel  samples  the  contamination 
of  the  hydrogen  with  traces  of  sulphur  compounds  does  not  interfere 
with  the  determination  of  oxygen,  since  the  presence  of  iron  pre- 
vents the  formation  of  these  small  amounts  of  slowly  soluble 
sulphur  compounds. 

The  fused  aluminium  invariably  stuck  to  the  boat  and  had 
to  be  prised  away,  bringing  with  it,  usually,  small  fragments  of 
graphite  which  contaminated  the  precipitate  until  burned  away 
in  the  final  ignition. 
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The  solution  of  the  fused  aluminium  also  usually  occupied  some 
hours,  and  it  was  felt  that  this  was  rather  a  weak  point,  as  the 
blank  and  tiie  determination  of  a  steel  sample  could  not  be  said 
to  be  carried  out  in  identical  conditions. 

The  addition  of  0*2  g.  of  a  steel  of  low  oxygen  content  increased 
the  speed  of  solution  to  about  35  min.,  which  is  much  more  in 
line  with  an  actual  determination.  It  was  also  found  to  prevent 
the  adherence  !^f  the  fused  aluminium  to  the  boat,  and  in  the 
▼iew  of  the  authors  has  simplified  considerably  the  carrying-out 
of  the  blank  determination.  Provided  that  a  new  boat  is  used 
which  has  been  heated  in  the  tube  to  1100^  C.  in  an  atmosphere 
of  hydrogen  for  1  hr.  and  afterwards  kept  in  a  desiccator  till  required 
and  if  care  is  taken  in  the  preparation  of  the  aluminium  by  filing 
and  decreasing,  there  should  be  no  difficulty  in  obtaining  a  blank 
of  a  sufficiently  low  order. 

The  quantities  of  steel  and  aluminium  used  for  a  determination 
of  oxygen  have  been  reduced  to  5  g.  and  7  g.,  respectively,  but  if 
the  steel  is  found  to  have  a  very  low  oxygen  content,  it  is  considered 
desirable  to  use  the  full  amounts. 

Determination  of  Oxygen  in  Vacuo. 

The  authors  recognise  that  the  manipiilation  of  material  in  an 
atmosphere  of  hydrogen  calls  for  some  little  care  and  attention  to 
detail  if  explosions  are  to  be  avoided. 

They  themselves  have  never  experienced  this  trouble  since  the 
inception  of  the  method,  but  it  was  thought  that  if  the  reduction 
cotdd  be  carried  out  in  vatmo  the  method  woiild  perhaps  be  more 
widely  adopted  in  some  laboratories  where  the  vacuum  technique 
is  thoroughly  understood. 

The  following  work  in  vacuo  was  carried  out  therefore  simtd- 
taneously  with  that  of  Stevenson  and  Speight,  described  in  Sec- 
tion in..  Part  B  of  this  Report.  * 

Apparatus  and  Procedure, — ^The  experiments  were  conducted  in 
a  30-in.  Vitreoeil  tube  of  1  in.  bore,  heated  by  means  of  a  split 
electric  furnace  as  used  for  the  determination  of  hydrogen.  The 
only  advantage  of  this  type  is  that  of  quick  cooling.  One  end  of 
the  tube  was  sealed  with  a  tight-fitting  rubber  bung  and  collodion 
flexile,  the  other  end  being  used  for  the  insertion  of  the  samples 
and  the  evacuation  of  the  tube. 

The  evacuation  was  carried  out  by  means  of  a  pulsometer 
pump,  which  was  capable  of  reducing  the  pressure  to  8  mm.  of 
mercury.  Apart  from  this  being  the  only  apparatus  available,  it 
was  feared  tnat  the  use  of  a  very  high  vacuum  might  cause  a 
collapse  of  the  silica  tube  at  the  temperature  of  the  experiments. 

The  blank  or  sample,  placed  in  a  graphite  boat,  made  up  as 
previously  described  for  the  determination  in  a  hydrogen  atmo- 
sphere, was  introduced  into  the  tube  cold,  and  it  was  found  that 
the  pressure  could  be  reduced  to  8  mm.  of  mercury  in  about  7  min. 
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In  all  the  experiments,  however,  evacuation  was  continued  for  }  hr. 
in  the  cold.  The  tube  was  then  raised  to  1100^  C.  in  ^  hr.,  this 
temperature  being  maintained  for  1^  hr.,  after  which  the  furnace 
was  switched  off  and  the  tube  allowed  to  cool.  The  pump  was 
kept  running  during  the  whole  period.  When  cold,  the  boat  was 
removed  &om  the  tube  and  the  alumina  content  of  the  sample 
determined  analytically  as  previously  described.  Fig.  3  shows  the 
graphite  boat  containing  the  iron-aluminium  allojTas  produced  at 
1100^  C.  in  vacuo. 

The  Blank  Estimation, — It  was  anticipated  that,  on  account  of 
the  inability  to  obtain  a  lower  pressure  in  the  tube  than  8  mm., 
the  blank  would  be  rather  high.  Repeated  trials,  however,  on  both 
7  g.  and  14  g.  of  aluminium  (to  which  had  been  added  0*2  g.  of  a 
steel  of  low  oxygen  content)  gave  blanks  of  0-0004  g.  and  0*0008  g. 
of  alumina,  respectively.  This  compares  very  favourably  wiSi 
the  blank  obtained  in  an  atmosphere  of  hydrogen,  and  it  was 
decided  to  carry  out  a  series  of  experiments  on  steels  of  known 
oxygen  content  as  determined  by  the  vacuum  fusion  method  and 
by  the  aluminium  reduction  method  in  hydrogen. 

In  addition,  experiments  were  also  made  on  the  recovery  of  the 
oxygen  contained  in  small  added  amounts  of  pure  silica,  aluminium 
silicate,  ferric  oxide  and  manganese  oxide.  These  were  added  to 
the  ordinary  determination  of  a  steel  containing  0*008%  of  oxygen. 
The  results  are  shown  in  Tables  IX.  and  X. 

Table  IX. — Comparison  of  Results  obtained  by  Vacuum  Fusion  and 

Aluminium  Reduction, 


Sample 
No. 

Desoription  of  Sample. 

Oxygen.  %,  by— 

Vacaum 
Fusion. 

Alominiam  Redaction— 

In  Hydrogen. 

In  Vacuo. 

1 
4 
7 
A 

I^w-carbon  nimning  steel. 
Low-carbon  killed  steel. 
Open-hearth  ingot  iron. 
Semi-killed  basic  open-hearth 
steel. 

0018 
0002 
0-106 
0014 

0020 
0004 
01 06 
0016 

00164 

0004 

0-103 

0*016 

0017 

From  these  experiments  it  would  seem  that  the  aluminium 
reduction  method  carried  out  in  vacuo,  when  applied  to  ordinary 
carbon  steels  or  to  those  oxides  and  combinations  of  oxides  normally 
found  in  plain  carbon  steels,  gives  results  which  compare  favourably 
with  those  obtained  in  an  atmosphere  of  hydrogen. 

Summary, 

Since  its  introduction,  the  aluminium  reduction  method  has 
\  been  applied  to  a  considerable  number  of  plain  carbon  and  simple 
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Weight  of 

Bqaiva- 

Bqaira- 
Teat 

Total 

Alnmina 

Weight  of 

lent 

Weight 

Weight  of 

due  to 

Almnlna 

Weight  of 

Gompoand  Tttted. 

Taken. 

Weight  of 

Ahimina 

Blank  and 

Be- 

Oxygen 

G. 

Oxygen. 

Foand. 

Oxygen 
in  Steel. 

coTered. 

Be- 

G. 

G. 

•     G. 

covered. 

G. 

G. 

SUic»,8iO,. 

0-01 

0-0O53S 

0-0154 

0-00125 

0*01815 

0-0057 

0-01S2 

0-0012^ 

0-01195 

0-0056   - 

Atamfnhiin  Billoate, 

0-01 

0-00528 

0-0117 

000125 

0-01045 

0-00491 

A1^..2SiO.. 

0-0114 

0001S5 

0-01015 

0-00477 

Ferric  oxide,  FeaO,. 

0-02 

0-006 

0-0136 

0-00125 

0-012S5 

0-00581 

0-0154 

0-00125 

0-01215 

0-00571 

¥tatgfawmn  oxide,  MnO. 

o-oa 

0-0045 

0-0108 

0-00125 

0-00955 

0-00449 

0-0110 

0-00125 

0-00975 

000458 

alloy  steels  of  various  compositions  and  of  known  oxygen  content 
as  determined  by  the  vacuum  fusion  method.  With  a  Little  practice 
it  is  comparatively  simple  to  operate,  and  the  introduction  of  the 
modified  method  in  vacuo  should  encourage  its  use  as  a  rapid 
control  method  in  steel  manufacture  and  testing. 

Section  HI.,  Part  C  of  this  Report  deals  with  its  application 
to  pig  irons  and  cast  iron  inthe  laboratory  of  the  British  Cast  Iron 
R^earch  Association.  Much  painstaking  work  has  been  carried 
out  by  this  co-operator,  some  of  which  has  been  done  in  collabora- 
tion with  the  authors.  Whilst  agreement  has  not  always  been 
reached,  and  considerable  work  remains  to  be  done,  particularly 
with  respect  to  the  effect  of  varying  silicon  contents,  there  is 
reason  to  believe  that  these  difficulties  may  be  overcome  in  the 
future  and  the  method  established  on  a  satirfactory  basis. 

The  method  has  been  applied  to  the  determination  of  the  oxygen 
in  ferro-silicon  and  ferro-manganese,  although  it  is  not  certain  at 
this  stage  what  value  can  be  ascribed  to  the  information  so  obtained. 
It  has  also  been  used  to  a  very  limited  extent  for  non-ferrous 
materials,  chiefiy  nickel  and  copper.  Here,  its  application  ought 
to  be  of  considerable  value,  and  will  repay  further  study. 

The  experiments  in  vacuo  were  first  discussed  with  Dr.  B.  Jones, 
University  College,  Cardiff,  and  were  carried  out  with  his  collabor- 
ation in  the  Department  of  Metallurgy.  Acknowledgments  are  due 
to  Dr.  Jones  for  the  photograph  shown  in  Fig.  3  and  to  Professor 
W.  R.  D.  Jones  for  his  interest  during  the  work. 
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Part  B. — A  Description  of  the  Aluminium  Reduction  Method  aa 

OpercUed  at  Stockabridge^ 

By  W.  W.  STEVENSON,  A.I.C.,  and  O.  E.  SPEIGHT.  B.Sc,  A.I.C. 

(Stooksbridoe,  nbab  Sheftibld). 

,         (Under  the  dtreotlon  of  T.  Swinden,  D^et) 

Synopsis. 

A  description  is  given  of  the  procedure  adopted  for  the  aluzninium 
reduction  method  operated  in  vacuo.  Typical  results  are  presented 
and  comparison  is  made  with  results  obtained  by  the  vacuimi  fusioii 
method.  Close  agreement  is  recorded  on  many  types'  of  ferroiis 
materials. 


Thb  method  of  Gray  and  Sanders*  consists  of  the  heating,  at 
1150^  C,  of  a  steel  specimen  placed  between  two  pieces  of  alumin- 
ium  in  an  atmosphere  of  hydrogen,  with  subsequent  acid  solution  of 
the  iron-aluminium  melt  and  chemical  determination  of  the  alumina 
formed  by  reduction  of  the  oxides  in  the  steel.  Under  these  con- 
ditions, the  present  authors  obtained  blank  values  which  were 
unusually  high  and  compared  unfavourably  with  those  reported  by 
Gray  and  Sanders,  the  high  blanks  being  due  to  imperfect  purification 
of  the  hydrogen  used.  At  this  stage  in  the  work.  Gray  and  Sanders  ^ 
indicated  their  interest  in  vacuum  technique  instead  of  operation  in 
hydrogen ;  the  present  authors,  therefore,  abandoned  the  hydrogen 
method  in  favour  of  carrying  out  the  aluminium  reduction  in  vacuo. 
This  has  the  advantage  that  it  permits  of  the  use  of  a  tube  closed  at 
one  end  and  a  single  furnace  instead  of  the  split  furnace  originally 
used  by  Gray  and  Sanders.  A  comparatively  high  blank  persisted 
in  early  experiments  on  the  vacuum  method,  owing  to  air  leaking 
back  through  the  mechanical  oil  pump,  but  this  wtis  overcome  by 
incorporating  a  tap  between  the  exit  tube  from  the  furnace  and  the 
pump.  The  equipment  and  method  employed  are  thus  as  follows  : 
The  reaction  chamber  (Fig.  4)  consists  of  a  silica  tube»  24  in. 
long  by  1  in.  in  dia.,  closed  at  one  end,  in  which  is  placed  thegraphite 
boat  containing  the  sample  and  14  g.  of  aluminium  strip,  l^e  other 
end  of  the  silica  tube  is  closed  by  a  rubber  bung  fitted  with  a  tube 
leading  to  a  glass  tap  and  then  to  a  mechanical  oil  pump.  The  boat, 
4  in.  in  length,  is  machined  from  a  half  section  of  1-in.  round  bar  of 
pure  Acheson  graphite.  The  steel  sample  consists  of  five  discs, 
^  in.  thick,  cut  from  -^-in.  dia.  bar ;  these  are  sandwiched  between 
strips  2|  in.  long  by  -fg  in.  wide  by  J  in.  thick  (approx.)  of  freshly 
filed  aluminium.  Evacuation  of  the  silica  tube  is  carried  out  for 
20-30  min.  at  room  temperature,  and  then  the  tube  is  introduced 

*  A  commiinication   from  The   United   Stoel   Companies,  Ltd.,  Central 
Re.>}earch  Department,  Stocksbridgo,  near  Sheffield,  received  February  7,  1941. 
2  Journal  of  the  Iron  and  Sterl  Institute,  1938,  No.  T.,  p.  348  P. 
'  Private  communication. 
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into  a  Silit-Fod  furnace  at  1150°  C.  When  the  temperature  of  the 
tube  has  attained  1000°  C. — after  about  4  min. — ^the  tap  is  closed, 
and  the  gases  evolved  from  the  graphite  are  allowed  to  accumulate 
in  the  tube.  The  pressmre  thus  created  prevents  the  premature 
collapse  of  the  tube.  The  silica  tube  attains  a  temperature  of 
1150  C.  after  10-15  min.  and  is  maintained  at  this  temperature 
for  1  hr. 

The  tube  is  then  allowed  to  cool  to  atmospheric  temperature  and 
the  iron-aluminium  melt  is  detached  from  the  boat  and  transferred 

Silit'Rod  Furnace  12  'long 
Temp,  IISO'^C 

Boat  eonfoining  |  \ 

^To  ¥ocuttn>  Pump.  '  Silica  Tube,  24\  I  'dia. 

chsed  at  one  end 

Graphite  boat  containing 
SCMnp/e  and  Aluminium 

Fio.  4. — ^Diagrammatio  Sketch  of  Apparatus  for  the  Aluminiuin  Reduction 

Method  (Vacuum  Technique). 

to  a  beaker.  No  difficulty  is  experienced  in  dissolving  the  melt  in 
hydrochloric  acid  (1 : 1),  followed  by  oxidation  with  nitric  acid 
(sp.  gr.  1-42),  after  which  the  alumina  is  filtered  on  fine  ashless  paper 
or  a  pulp  filter.  The  filter  is  washed  with  water  and  warm  hydro- 
chloric acid  (1  : 1),  then  with  hot  water  and  hot  sodium  ca.rbonate 
solution  (3%),  and  finally  with  water.  The  residue  is  ignited  in  a 
platinimi  crucible  at  1000^  C,  treated  with  a  few  drops  of  sulphuric 
and  hydrofluoric  acids,  re-ignited  and  weighed. 

The  resiilts  obtained  on  a  number  of  samples  by  the  above 
method  are  given  in  Table  XI. 

The  aluminium  reduction  method  operated  in  vacuo  gives  a 
blank  value  of  reasonably  low  proportions.  The  results  shown  in 
Table  XI.  obtained  on  eight  samples  of  plain  carbon  steels  and 
one  low-alloy  steel  are  in  fair  agreement  with  the  total-oxygen 
values  reported  by  vacuum  fusion,  the  aluminium  reduction  results 
being  all  slightly  on  the  low  side  after  applying  the  blank  correc- 
tion. When  no  blank  correction  is  made,  agreement  with  the 
vacuum  fusion  method,  on  the  steels  examined,  is  very  close.  The 
gases  evolved  from  the  graphite  boat  during  the  early  heating  of 
the  furnace  and  after  closing  the  exit  tap  have  not  been  examined, 
but  in  view  of  the  fact  that  high  results  compared  with  the  vacuum 
fusion  method  results  are  not  obtained,  they  are  apparently  not  of 
an  oxidising  nature. 
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Table  XI. — ReatUts  Obtained  by  the  Aluminium  Reduction  Method, 


Aluminiam  Blank  (obtained  by  toiUng  steel  of  rery  lot?  oxygen  content). 


Steel 
Sample. 

ffS716  (a) 

H       (6) 


Weight  of 
!(Uiiminium. 

14-71  g. 
18-99  g. 


foand. 


Weight  of         Oxygen  Ck>ntent  (by 
SteeL  Vacunm  Fusion). 

8-75  g.     0*0026%  (- 0-0006  g.  AV)t)  0-0009  g. 
9*35  g.     0-0036%  (- 0*0006  g.  AlaOi)  0-0009  g. 


Blank  (14  g.  of 
Aluminium). 

0*0004  g.  A1,0. 
0*0004  g.  A1,0« 


This  blank  of  0-0004  g.  of  AlgO,  is  equivalent  to  0*003%  of  oxygen  per  10  g.  of  steel. 


Analysis. 

Aluminiam  Be> 

^*y 

duGtion  Method. 

Oxygen. 

Oxygen. 

Sample. 

Vacuum 

%. 

%. 

0. 

Mn. 

Si. 

S. 

P. 

Ni. 

Or. 

Mo. 

Fusion). 

mo 

(Dedno- 

%* 

%. 

%. 

%. 

%- 

%. 

0/ 

/o« 

%- 

%. 

Blank 
De- 
ducted). 

Uon, 
0*003% 
Oxygen). 

61808 

0-13 

0*43 

0*24 

•  •• 

•  •• 

4-26 

1-21 

0*24 

0-009, 

0-010 
fO-0010 

0-008 
0-008 

1168 

0-11 

1*10 

•  •  • 

0*186 

0-063 

•  •  • 

•  •• 

... 

0-009. 

\  0-009  • 
10-008 

0-007 
0-006 

^02366 

0*10 

0*40 

0*07 

0*040 

0-048 

•  •• 

•  •• 

... 

0-028 

0-021 

0H)19 

A(?3616  • 

0-03 

Nil 

0-33 

0*012 

0-049 

•  •  • 

•  •• 

... 

0-073 

0-069 

0-067 

501101  • 

0*03 

NU 

0*01 

0*018 

0*099 

•  •• 

•  •• 

.  •  • 

0*176 

0-194 

0-193 

682/1     ' 

r 

0*010. 

fO-Oll 
\0-009 

0-009 
0-007 

6S2/3       > 

0*41 

0*73 

0*18 

0*«S4 

0*042 

•  •• 

•  •• 

...' 

0*007, 

0-008 

0-006 

633/3 

•  •• 

0-009 

0-007 

633/BU- 

•  ■• 

0-009 

0-007 

let 

*  For  details  of  preparation  iee  Eighth  Report  on  the  Heterogeneity  of  Steel  Ingots,  p.  196,  Inm 
and  Steel  Institute,  1939,  Special  Report  No.  26. 


Part  C. — The  Determination  of  Total  Oxygen  in  Pig  Iron  by  the 

Aluminium  Reduction  Method.^ 

By  E.  TAYLOH-AUSTIN,  F.I.C.  (British  Cast  Ibon  Rbsbaroh 

Association,  Bibminghak). 

Synopsis. 

An  account  is  given  of  the  application  of  the  aluminium  reduction 
method  for  the  determination  of  total  oxygen  to  a  series  of  pig-iron 
samples.  Modification  has  been  found  necesscuy  to  overcome  the 
interference  set  up  by  silicon  in  certain  irons.  The  final  modified 
procedure  is  described  in  detail,  and  results  obtained  are  compared 
with  those  given  by  the  aqueous  iodine  and  other  methods. 


The  method  adopted  for  this  series  of  experiments  was  that 
described  by  Gray  and  Sanders  in  the  Second  Report  of  the  Oxygen 
Sub-Committee.^  A  thorough  investigation  of  the  application  of 
this  process  to  the  determination  of  total  oxygen  in  pig  iron  was 

*  Received  February  22,  1941. 

•  Eighth  Report  on- the  Heterogeneity  of  Steel  Ingots,  pp.  103-108,  Iron 
and  Steel  Institute,  1030,  Special  Report  No.  25. 
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made  and  it  was  found  necessary  to  modify  the  original  procedure 
in  order  to  avoid  interference  from  silicon. 

The  following  method  has  been  successfully  applied  to  a  series 
of  grey  pig  irons,  and  a  comparison  of  the  results  obtained  with 
those  by  other  processes  is  given  in  Table  XII. 

Table    XII. — Total   Oxygen   Contents  of  Pig  Irons   obtained   by 

Various  Methods. 


No. 

Tjpe  of  Iron. 

Total  Oxygen,  %,  by- 

— 

Modified  Aqaeooa 

Alitmlnium 

Vacuum 

Iodine. 

Redaction. 

Fusion. 

•• 

13 

Armco  iron 

0086 

0086 

... 

14 

Swedish  iron 

0017 

0018 

... 

16 

^                                                                     ^ 

0016 

•  •  ■ 

0019 

19 

0010 

0011 

0011 

31 

0009 

0006 

0005 

21 

0010 

0007 

0008 

107 

• 

00063 

00060 

•  •  • 

101 

. 

00063 

00047 

•  •  * 

18 

0016 

0016 

•  •  1 

73 

0013 

0018 

•   •   4 

•     26 

•»^»    • 

00091 

00084 

•   •   < 

86 

►  Pig  ironH 

00084 

0010 

•    •   < 

.    Ill 

0021 

0019 

•    •    < 

84 

00074 

00077 

«    •   < 

85 

0013 

0013 

•    ■    < 

56 

0013 

0011 

•    ■   < 

23 

0016 

0017 

■   •   < 

103 

0011 

0012 

•    •   ■ 

38 

0011 

0013 

•    ■   « 

79 

J                                                                   \m 

00077 

'  00071 

•   • 

Modified  Aluminium  Reduction  Method. 

Apparatus. — ^This  is  as  described  by  Gray  and  Sanders,^  except 
that  the  silica  combustion  tube  of  the  main  furnace  is  heated  by  a 
winding  of  Kanthal  resistance  wire  instead  of  Silit-rod  elements. 

Preparation  of  Samples. — Samples  should  weigh  between  7  and 
10  g.  and  should  be  in  the  form  of  strips  not  greater  than  ^  in. 
thick  taken  from  the  centre  of  a  complete  cross-section  of  the  pig. 

Determination  of  the  "  Blank.**  — ^The  **  blank  "  on  the  pure 
aluminium  sheet  used  is  determined  by  fusing  14  g.  of  the  material 
together  with  0-20  g.  of  a  steel  of  low  oxygen  content  exactly  as 
described  by  Gray  and  Sanders.  In  the  author's  experiments  a 
blank  value  of  O-OOOS  g.  was  obtained. 

Procedure. — ^Fuse  7-10  g.  of  sample  with  14  g.  of  pure  aluminium 
sheet  at  1100°  C.  exactly  as  described  in  the  original  process.  At 
the  conclusion  of  the  heat  withdraw  the  boat  from  the  cold  tube 
and  transfer  the  alloy  to  a  1500-ml.  tall-form  beaker.     Add  5  g. 

^  Eighth  Report  on  the  Heterogeneity  of  Steel  Ingots,  pp.  103-108,  Iron 
and  Steel  Institute,  1939,  Special  Report  No.  26. 
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each  of  citric  and  tartaric  acids,  followed  by  200  ml.  of  nitric  acid 
(sp.  gr.  1-20).  Warm  gently  until  the  citric  and  tartaric  acids 
have  dissolved,  and  add  60  ml.  of  concentrated  hydrochloric  acid, 
carefully,  in  small  amounts.  When  the  violent  reaction  subsides, 
heat  to  boiling,  and  keep  hot  until  solution  is  complete  (about 
30  min.).  Cool  somewhat,  add  10  g.  of  ammonium  persulphate 
and  boil  gently  for  1  hr.  Dilute  with  an  equal  volume  of  hot 
water,  boil  and  filter  on  an  ashless  paper-pulp  pad. 

Wash  the  residue  with  hot  5%  hydrochloric  acid  and  hot  water. 
Transfer  the  precipitate  and  pad  to  a  300-ml.  "  carbon  dioxide  " 
flask,  add  120  ml.  of.a  5%  sodium  carbonate,  10%  sodium  citrate 
solution  and  stir  mechanically  for  1  hr.  at  80°  C.}  as  described  in 
the  procedure  for  the  aqueous  iodine  method  (Section  VI.,  Part  A). 

Filter  the  solution  through  a  4*25-cm.  Whatman  No.  42  filter 
paper  contained  in  a  small  ^lichner  ftmnel ;  wash  well  with  hot 
water,  followed  by  hot  5%  hydrochloric  acid  and  finally  with  hot 
water.  Ignite  the  residue  to  constant  weight  in  a  platinum  crucible. 
Remove  any  traces  of  silica  remaining  in  the  precipitate  by  volatilisa- 
tion with  hydrofluoric  acid  in  the  presence  of  sulphuric  acid  in  the 
usual  manner.  The  residue  so  obtained  should  be  pure  alumina, 
and  the  weight  after  deduction  of  the  blank  is  used  for  the  cahmla- 
tion  of  the  oxygen  content  of  the  material  under  examination. 

Development  of  the  Modified  Procedure. 

At  the  beginning  of  1940  the  necessary  apparatus  and  equip- 
ment were  installed  and  experiments  were  begun.  After  certain 
initial  difficulties  in  technique  had  been  overcome,  results  were 
obtained  which  were  in  close  agreement  with  those  of  Gray  and 
Sanders  working  on  joint  samples  of  pig  iron. 

After  these  preliminary  tests  the  method  was  appUed  to  the 
series  of  pig  irons  already  examined  by  the  modifilBd  aqueous  iodine 
method,  and  it  was  found  that  in  all  but  a  few  cases  good  agree- 
ment was  obtained  between  the  total  oxygen  results  by  the  two 
processes.  Where  agreement  was  not  obtained,  the  results  by  the 
aluminium  reduction  method  were  of  a  considerably  lower  order 
than  those  by  the  aqueous  iodine  process. 

Further  investigation  of  these  discrepancies  revealed  the  fact 
that  the  silica  figures  obtained  by  the  aqueous  iodine  method  were 
high  for  reasons  given  in  Section  VI.,  Part  A  of  this  Report. 
Redeterminations  by  the  iodine  process,  suitably  modified,  on 
samples  which  had  previously  yielded  checking  results  by  both  the 
methods  under  review  revealed  the  fact  that  some  of  these  silica 
figures  were  also  in  error. 

This  led  to  a  thorough  examination  of  the  application  of  the 
original  Gray  and  Sanders  procedure  to  pig-iron  samples,  and  it 
was  found  that  this  process  sometimes  >delded  results  which  were 
greatly  in  excess  of  those  recorded  by  the  aqueous  iodine  method. 
It  was  subsequently  revealed  that  this  error  was  caused  by  the 
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prefience  of  excessive  amounts  of  silica  in  the  final  ignited  residue 
obtained  after  solution  of  the  alloy  in  mineral  acids ;  the  removal 
of  this  silica  by  volatilisation  with  hydrofluoric  acid  made  no 
appreciable  difference  to  the  amount  of  alumina  found  by  chemical 
analysis  of  the  residue. 

Further  experiments  showed  that  the  extent  of  this  error  in- 
creased as  the  silicon  contents  of  the  original  pig  irons  became  greater. 

The  author  was  therefore  of  the  opinion  that  the  presence  of 
this  silica  was  due  to  hydrolysis  during  the  solution  of  the  melt 
in  acid  and  that  this  silicic  acid  adsorbed  aluminium  salts  from 
the  solution,  thus  causing  excessive  amounts  of  alumina  in  the 
final  residue. 

Accordingly  the  sodium  carbonate-citrate  treatment,  already 
used  in  the  aqueous  iodine  method,  was  applied  to  unignited  residues 
from  the  aluminium  reduction  method.  It  was  found  that  this 
procedure  successfully  removed  the  hydrolysed  silicic  acid,  and  the 
results  for  total  oxygen  fell  considerably.  Further,  the  final 
figures  were  in  good  agreement  with  those  obtained  by  the  latest 
aqueous  iodine  process. 

The  aluminium  reduction  method  was  therefore  modified  to 
incorporate  this  treatment,  and  in  this  latter  form  was  applied  to 
the  series  of  pig  irons  already  mentioned.  The  results  obtained  for 
total  oxygen  by  both  procedures  were  now  found  to  be  in  excellent 
agreement  and  no  further  discrepancies  have  so  far  arisen. 

The  application  of  the  aluminium  reduction  method  to  pig  iron 
is,  at  the  present  time,  limited  somewhat  by  the  difficulty  of  obtain- 
ing test-pieces  from  samples  of  white  and  other  hard  irons.  This 
difficulty  does  not  arise  if  samples  can  be  cut  with  a  hack-saw, 
but  if  it  is  necessary  to  use  a  carborundum  wheel  to  obtain  speci- 
mens, considerable  oxidation  appears  to  take  place  on  the  surfaces, 
and  high  results  are  recorded.  Attempts  to  use  drillings  or  crush- 
ings  enclosed  in  an  aluminium  envelope  have  so  far  failed,  owing 
to  the  difficulty  of  removing  trapped  oxygen  by  passing  hydrogen 
through  the  furnace.  This  difficulty  would  probably  not  arise  if 
fusion  were  carried  out  in  vacuo  instead  of  in  hydrogen,  but  the 
author  has  had  no  experience  of  the  former  procedure,  although  it 
has  been  examined  by  other  workers  (see  Part  B  of  this  Section). 
The  problem  of  obtaining  suitable  samples  from  hard  materials 
is  receiving  further  attention. 

Condusiona. 

The  experimental  work  so  far  carried  out,  has  led  to  the  following 
conclusions  : 

(1)  The  modification  introduced  successfully  obviates  any  inter- 
ference arising  from  the  presence  of  silicon  in  the  original  material. 

(2)  The  modified  aluminium  reduction  method  can  be  applied 
to  the  determination  of  the  total  oxygen  content  of  pig  irons 
generally,  provided  that  a  suitable  sample  can  be  obtained. 


TBIBD  BHPORT  Of  THB 


SECTION  IV.— Thb  Chlorine  Method. 

Part  A. — Description  of  the  Procedure  tww  Adopted  for  the  ChAorine 
Method.^ 


DelailB  of  the  preaent  procedum  for  ths  dstemiinatioil  of  oon- 
ineMllio  inclusions  in  ateel  by  the  chlorine  method  are  given. 

A  scheme  of  analyBia  applicable  to  chlorine  residue*  containing 
appreciable  amounta  of  phosphoruB  pentoxide  ia  set  out. 

An  analytical  procedure  involving  the  use  of  a  photometer  is 
outlined. 

Iniroduction, 

SiKOB  the  Seventh  Report  on  the  Heterogeneity  of  Steel  Ingota 
was  published  in  1937,  a  number  of  improTemente  have  been  incor- 
porated in  the  method  adopted  for  the  determinatton  of  nSn-metallio 
inolusioDB  in  steels  by  the  chlorine  method.  It  appears,  therefore, 
desirable  to  describe  the  present  raooedure  as  operated  by  I.C.I. 
(Alkali),  Ltd.,  in  their  Wtnnington  BeBearoh  Laboratory. 

De»criptiot^  of  the  AppanUua. 

A  sketch  of  the  apparatus  is  given  in  Fig.  6.  The  ohtorine,  con- 
tained in  a  70-lb.  gas  cylinder,  is  prepared  electrolytically  and  puri- 
fied by  a  liquefaction  process,    "nie  first  50  litres  of  gas  from  each 


n  Steel  by 


new  cylinder  are  passed  to  the  atmosphere,  since  the  bulk  of  any 
gaseous  impuritieB  in  the  chlorine  is  contained  in  this  fraction.  The 
gas  is  led  from  the  cylinder  through  concentrated  sulphurio  acid  in 
the  waah-bottle  A  and  calcium  cUoride  and  phosphorus  pentoxide 
'  Received  February  11,  IMJ. 
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in  the  drying  towers  B  and  C,  respectively.  The  rate  of  flow  of 
chlorine  is  approximately  15  litres  per  hr. 

The  steel  sample,  contained  in  a  fused- silica  boat  0,  is  chlorinated 
in  the  Pyrex  glass  reaction  tube  E,  This  tube  has  a  ground-glass 
stopper  F,  fitted  with  an  inlet  for  gas  and  a  thin  Pyrex  tube  H 
carrying  a  chromel-alumel  thermocouple  T,  In  order  to  make  the 
temperature  measurement  as  accurate  as  possible  the  tube  H  is 
arranged  so  that  its  end  is  right  in  the  boat  and  in  immediate  contact 
with  the  steel.  The  length  of  the  tube  is  such  that  the  end  of  the 
thermocouple  can  be  placed  at  any  point  along  the  boat  0  when  in 
position. 

The  wiring  of  the  electrically-heated  furnace  D  is  arranged  so  that 
it  is  evenly  heated  throughout  ite  whole  length.  This  ensures  that 
all  the  volatile  chlorides  are  carried  away  to  sublime  in  the  collecting 
bottle  Lf  which  is  connected  to  the  reaction  tube  E  by  means  of  the 
ground-dass  joint  K.  The  bottle  L  is  fitted  with  an  exit  tube  for 
excess  chlorine  gas.  ^  • 

The  bend  J  in  the  reaction  tube  fits  as  closely  to  the  furnace  D 
as  is  practicable,  so  that  the  chlorides  fall  into  the  bottle  L  and  do  not 
block  the  reactioji  tube  itself. 

Form  of  Sample  Used. 

Solid  test-pieces  of  steel  are  always  used.  As  is  well  known,  the 
reaction  between  iron  and  chlorine  is  strongly  exothermic,  and  is 
accompanied  by  a  rise  in  temperature  of  the  specimen.  With 
solid  test-pieces,  the  inil^^l  rate  of  attack  is  slow,  so  that  the  amount 
of  heat  evolved  in  a  given  time  is  much  smaller  than  is  the  case  when 
drillings  are  used.  Further,  the  heat  evolved  is  absorbed  into  the 
mass  of  metal  without  causing  intense  local  heating. 

Experiments  with  solid  test-pieces  showed  that  it  was  possible 
to  control  the  exothermic  reaction  between  iron  and  chlorine  so 
that  the  temperature  of  the  specimen  never  exceeded  300°  C. 

Two  methods  of  obtaining  a  sample  for  chlorination  are  employed. 
In  the  first,  the  bar  is  skimmed  up  in  a  lathe  until  all  surface  marks 
are  removed,  and  thin  cross- sectional  slips  are  then  cut  from  it, 
each  approximately  0'2  in.  long.  Sufficient  of  these  ^ips  to  make 
'  10-16  g.  weight  of  sample  are  taken  for  each  determination.  With 
bars  of  f  in.  dia.  or  less  the  slips  fit  into  the  boat  in  such  a  way  that 
it  is  possible  to  bring  the  tip  of  the  sheathed  thermocouple  close  to 
them  by  making  the  couple  dip  down  at  the  front  of  the  boat  and 
then  run  parallel  just  above  the  specimens  to  the  other  end  of  the 
boat.  If  the  bars  are  from  §  to  f  in.  in  dia.  each  slip  is  carefully 
folded  over  in  a  vice.  The  samples  are  dried  in  alcohol  before 
weighing  and  chlorinated  immediately. 

In  the  second  method,  one  solid  test-piece  cut  from  the  skimmed 
bar  may  be  used,  provided  that  it  will  fit  well  do^vn  into  the  boat. 
It  has  been  found  possible,  for  example,  to  use  one  test-piece  cut 
&om  a  bar  of  f  in.  dia. 


334  F  THIBD  BEPORT  OF  THE 

Procedure, 

The  reaction  tube  E,  the  collecting  bottle  L  and  the  ground-glass 
stopper  F  carrying  the  thermocouple  sheath  are  rinsed  with  methyl- 
ated spirits  and  dried  in  an  air  oven  at  110°  C.  overnight.  The 
apparatus  is  then  assembled  as  shown  in  Fig.  5,  but  the  dicing  train 
is  not  connected  to  the  reaction  tube.  The  furnace  D  is  switched 
on  and  the  temperature  raised  to  300°  C.  This  temperature  is 
maintained  for  about  10  min.,  the  furnace  is  switched  off  and  the 
reaction  tube  is  brought  rapidly  to  room  temperature  by  means  of  a 
stream  of  dry  compressed  air  introduced  at  M. 

The  boat  0  is  dried  by  heating  it  in  a  Bunsen  flame  to  a  dull  red 
heat ;  it  is  allowed  to  cool  in  a  exsiccator.  The  weighed  sample  is 
then  placed  in  the  boat  and  introduced  into  the  reaction  tube  B. 
The  drying  train  is  connected  up  at  M  and  the  flow  of  chlorine 
started.  The  boat  O  is  not  placed  in  the  centre  of  the  furnace  D, 
but  nearer  to  the  bend  J^  so  that  the  volatile  chlorides  have  a  shorter 
distance  to  travel. 

When  chlorine  has  been  passing  through  the  apparatus  for  i  hi,, 
the  furnace  D  is  switched  on  and  me  temperature  is  raised  slomy  to 
between  150°  and  160°  C.  The  furnace  is  then  switched  off,  as  the 
residual  heat  is  sufficient  to  start  the  refiaction  between  the  chlorine 
and  the  sample.  The  exothermic  reaction  raises  the  temperature  of 
the  steel,  but  by  switching  off  the  furnace  at  150-160°  C,  the  tem- 
perature should  never  exceed  300°  C.  As  soon  as  the  temperature 
begins  to  fall  the  furnace  is  switched  on  and  maintained  at  350°  C. 
throughout  the  test.  When  no  trace  of  volatile  chlorides  can  be 
seen  entering  the  receiving  bottle,  chlorination  is  complete,  but  the 
stream  of  chlorine  is  continued  for  a  further  15  min. 

The  furnace  is  then  switched  off  and  the  reaction  tube  cooled  to 
room  temperature,  the  passage  of  chlorine  being  continued.  GAe 
chlorine  is  shut  off,  the  drying  train  A,  B  and  C  is  stoppered  to 

Erevent  the  inlet  of  air,  and  the  boat  and  its  contents  are  removed 
:om  the  reaction  tube  immediately. 
The  contents  of  the  boat  are  washed  out  with  water  at  once,  and 
the  residue  is  filtered  through  a  5*5-cm.  No.  42  Whatman  filter 
paper. 

Test  Run,  using  a  Standard  Steel, 

Experience  over  the  past  three  years  has  indicated  that  before 
commencing  work  on  a  fresh  series  of  steels  it  is  necessary  to  carry 
out  a  preliminary  test,  using  a  steel  the  oxygen  content  of  which  is 
known.  Also,  this  test  run  is  always  carried  out  when  alterations  ' 
have  to  be  made  to  any  part  of  the  apparatus  or  when  a  fresh 
cylinder  of  chlorine  is  brought  into  operation.  The  standard  steel  . 
chosen  is  one  on  which  a  large  number  of  determinations  have  been 
carried  out  by  the  chlorine  method  and  on  which  the  percentage  of 
total  ignited  residue  has  regularly  fallen  bntween  0*041  and  0*044% ; 
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this  represents  a  total  oxygen  content  of  0'013-0*014%.  The  total 
oxygen  figures  obtained  by  vacuum  fusion  on  this  steel  lie  between 
0-0136%  and  0-014%.  Work  on  the  new  steels  is  not  commenced 
until  a  chlorination  of  the  standard  yields  a  total  ignited  residue  with- 
in the  limits  mentioned  above,  namely,  0*041  to  0*044%. 

An  interesting  instance  occurred  recently,  a  description  of  which 
will  serve  to  draw  attention  to  the  importance  of  the  use  of  a  stan- 
dard. After  a  period  during  which  the  apparatus  for  chlorination 
had  been  standing  unused  for  some  weeks,  a  sample  of  the  standard 
steel  was  chlorinated  before  commencing  work  on  a  number  of  new 
steels.  The  first  run  gave  a  total  ignited  residue  of  0*10%,  a  figure 
well  outside  the  acceptance  limits ;  a  repeat  test  gave  even  higher 
results.  Since  the  chlorinations  appeared  to  have  proceeded  in  a 
normal  manner  the  chlorine  supply  was  suspected  of  being  impure. 
A  further  cylinder  of  chlorine  was  obtained,  and  the  first  test  run 
with  this  again  gave  a  very  high  result  for  the  total  ignited  residue. 
A  very  careful  examination  was  then  carried  out  on  all  parts  of  the 
apparatus,  when  a  fine  line  was  observed  in  the  reaction  tube  in  a 
position  just  above  where  the  test  specimen  is  located  during  chlorina. 
tion.  It  was  suspected  that  this  might  be  a  minute  crack,  which 
would  be  expected  to  widen  when  the  tube  was  heated  to  360°  C. 
An  attempt  was  made  to  repair  the  tube  and  a  further  test  run 
carried  out ;  this  gave  a  total  ignited  residue  appreciably  lower  than 
the  previous  figures,  but  it  was  still  in  excess  of  the  maximum  accept- 
ance figure  of  0*044% .  The  suspected  portion  of  the  reaction  tube 
was  cut  out  and  a  firesh  piece  of  Pyrex  glass  inserted.  The  first 
chlorination  carried  out  after  this  alteration  gave  a  total  ignited 
residue  of  0*044%  on  the  standard  steel,  and  subsequent  chlorina- 
tions in  the  repaired  apparatus  behaved  normally. 

Analysis  of  the  Residue, 

In  the  Seventh  Report  on  the  Heterogeneity  of  Steel  Ingots,  a 
scheme  of  analysis  for  chlorine  residues  was  set  out.  Two  modifica- 
tions to  this  scheme — the  colorimetric  determinations  of  phosphorus 
and  chromium — ^were  given  in  the  Eighth  Ingot  Report.  All  the 
steels  examined  yielded  residues  containing  only  traces  of  P2O5,  and 
it  is  believed  that  the  procedure  by  which  the  AlgOg  fractions  were 
obtained  as  "  difference  "  figures  after  the  precipitation  of  the 
hydroxides  of  Group  III.  with  ammonia  and  the  colorimetric  deter- 
miBation  of  FcgOg,  Cr208,  P2O5,  &c. ,  was  accurate.  At  the  same  time 
it  was  realised  that  the  direct  determination  of  AI2O3  would  be  much 
more  preferable. 

Since  the  publication  of  the  Eighth  Ingot  Report  the  possibility 
of  the  retention  of  larger  amounts  of  P2O5  (e.g.,  of  the  order  of  0*002-" 
0-003  g.)  in  chlorine  residues  has  been  considered.  When  phosphorus 
is  present  in  the  residues  in  such  amounts  it  is  impossible  to  obtain 
accurate  Si02  figures  by  direct  volatilisation  with  hydrofluoric  acid 
in  the  presence  of  sulphuric  acid,  and  the  difference  ngures  for  AI2O3 
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are  unoertain.  Modifications  would  have  to  be  made  to  the  usual 
scheme  of  analysis,  and  details  of  a  new  procedure  are  given  below. 
This  procedure  is  regarded  as  an  intermediate  stage  in  the  develop- 
ment of  a  satisfactory  analytical  scheme,  and  it  is  hoped  that  further 
advances  will  be  made  when  work  with  a  photometer  is  completed. 
An  outline  of  the  scheme  proposed,  using  such  an  instrument,  is 
appended. 

Modified   Analytical   Procedure    {Applicable   to   Chlorine   Residues 
containing  Appreciable  Amounts  of  Pfi^* 

Ignition  of  the  N on- Metallic  Residue, — ^The  residue  is  filtered  on  a 
Whatman  No.  42  paper  (5*5  cm.)  and  washed  with  cold  water.  The 
washed  residue  is  transferred  to  a  tared  platinum  crucible,  ignited 
at  a  low  temperature  until  all  carbonaceous  matter  is  destroyed  and 
then  ignited  at  a  temperature  of  1000°  C.  for  a  further  10  min.     ^ 

The  crucible  and  contents  are  transferred  to  a  desiccator,  allowed 
to  cool  and  weighed.  The  ignition  at  1000°  C.  is  repeated  for  another 
10  min. ,  and  the  crucible  is  cooled  and  reweighed.  This  weight  should 
be  constant  before  proceeding  with  the  analysis. 

Determination  of  Silica. — ^The  residue  is  carefully  fused  with  0-6  g. 
of  dehydrated  "  Analar  "  sodium  bisulphate,  the  melt  allowed  to 
cool  and  extracted  with  dilute  hydrochloric  acid.  The  insoluble 
matter  is  filtered  on  a  5-5- cm.  'niiatman  No.  42  filter  paper  and 
washed  alternately  with  hot  dilute  hydrochloric  acid  and  hot  water. 
The  filter  paper  and  contents  are  transferred  to  a  tared  platinum 
crucible  and  ignited  to  constant  weight.  I^e  residue  is  treated 
with  one  drop  of  sulphuric  acid  (sp.  gr.  1-84)  and  a  few  drops  of 
hydrofluoric  acid,  evaporated  to  dryness  and  reweighed.  The  loss 
in  weight  gives  the  weight  of  silica. 

Any  residue  remaining  after  the  volatilisation  of  silica  is  fused 
with  0-3  g.  of  sodium  bisulphate,  the  melt  extracted  with  a  little 
dilute  hydrochloric  acid  and  added  to  the  main  solution. 

Precipitation  of  the  Group  III.  Hydroxides. — ^Three  to  four 
grammes  of  **  Analar  "  ammonium  chloride  are  added  to  the  main 
solution,  the  volume  of  which  is  adjusted  to  approximately  100  ml. 
The  solution  is  boiled  and  oxidation  is  ensurea  by  the  addition  of 
four  drops  of  concentrated  nitric  acid.  The  mixed  hydroxides  of 
Group  lU.  are  precipitated  by  the  careful  addition  of  1  :  1  ammonium 
hydroxide  until  a  slight  excess  is  obtained.  The  solution  is  then 
boiled  until  the  vapours  no  longer  smell  of  ammonia.  (When  the 
operation  is  carriea  out  correctly,  the  solution  is  neutral  to  methyl 
orange.)  The  solution  is  filtered  on  a  6-5-cm.  No.  40  Whatman 
filter  paper  and  washed  with  a  hot  2%  ammonium  nitrate  solution 
which  is  neutral  to  methyl  orange.  The  filtrate  is  reserved  for  the 
determination  of  manganese. 

Separation  of  Iron  and  Titanium. — The  mixed  hydroxides  of 
Group  III.  are  dissolved  from  the  filter  paper  with  a  little  hot  dilute 
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hydrochloric  acid,  and  iron  and  titanium  are  separated  by  the 
procedure  described  by  Berman,  Chap  and  Taylor.^ 

The  solution  is  transferred  to  a  75-ml.  separating  funnel,  its 
volume  adjusted  to  approximately  50  ml.  and  hydrochloric  acid 
added  so  that  theuacidity  is  not  less  than  10%.  A  6%  aqueous 
solution  of  cupferron  is  added  until  the  reagent  produces  a  momen- 
tary white  precipitate  at  the  point  of  contact  with  the  acid  solution ; 
10  ml.  of  chloroform  are  added  and  the  separator  is  shaken  vigorously 
for  15  seconds.  The  layers  are  allowed  to  separate,  and  then  more 
cupferron  is  added  until  the  white  precipitate  reappears.  The 
shaking-out  process  is  repeated  without  removing  the  chloroform 
layer  until,  after  alternate  treatment  with  reagent  and  shakins-out, 
the  aqueous  layer  is  quite  clear  of  any  turbidity,  except  that  due  to 
suspended  chloroform.  The  clear  chloroform  layer  is  drawn  off 
into  a  second  separator,  and  the  aqueous  solution  in  the  first  separator 
is  extracted  with  small  portions  of  chloroform  until  the  solvent 
remains  colojbrless.  These  extracts  are  added  to  that  in  the  second 
separator.  The  combined  chloroform  extracts  are  washed  with 
about  10  mL  of  water.  The  washed  chloroform  extract  is  drawn 
off  into  a  tared  platinum  crucible  and  the  solvent  evaporated  on  a 
steam  bath.  The  crucible  is  then  cautiously  heated  at  a  low  tem- 
perature until  all  fuming  ceases,  and  is  finally  ignited  to  constant 
weight. 

The  oxides  are  then  fused  with  0*5  g.  of  Analar  sodium  bisulphate 
and  extracted  with  10%  sulphuric  acid.  Iron  and  titanium  are 
determined  colorimetrically,  using  thioglycoUic  acid  and  hydrogen 
peroxide,  respectively. 

Separation  of  Aluminium  and  Chromium. — The  volume  of  the 
combined  water  extracts  and  washings  from  the  separation  of  iron 
and  titanium  are  reduced  to  approximately  50  ml.  by  boiling,  and 
aluminium  and  chromium  are  precipitated  free  from  phosphorus 
by  the  method  suggested  by  Schoeller  and  Webb.^ 

One  gramme  of  tartaric  acid  is  dissolved  in  the  solution  followed 
by  0*5  g.  of  tannic  acid.  The  solution  is  then  made  just  ammoniacal 
to  litmus  and  2*0  g.  of  ammonium  acetate  are  added.  The  complex 
is  then  boiled  for  2  min.,  and  the  precipitate  is  filtered  on  a  7-cm. 
Whatman  No.  41  filter  paper  and  washed  thoroughly  with  a  hot 
neutral  solution  containing  2%  of  ammonium  chloride,  a  little  tannic 
acid  and  a  little  tartaric  acid.  The  wet  filter  paper  and  contents 
are  transferred  to  a  tared  platinum  crucible  and  ignited  to  constant 
weight  (AlgOg  and  Cr203)- 

The  ignited  residue  is  then  examined  for  chromium.  It  is  fused 
with  a  little  sodium  carbonate,  the  melt  is  extracted  with  water, 
about  twenty  drops  of  hydrogen  peroxide  are  added  and  the  liquid 
is  boiled  until  oxygen  effervescence  ceases.     Chromium  is  then 

*  Bennan,  Chap  and  Taylor,  Journal  of  the  Aasociaiion  of  Official  Agri' 
cultural  Chemists,  1937,  vol.  20,  p.  635. 

«  Schoeller  and  Webb,  Analyst,  1929,  vol.  64,  p.  704. 
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determined  oolorimetrically,  using  diphenylcarbazide.  If  obromium 
is  present,  the  weight  of  Gr^O^  is  deducted  from  the  original  weight 
of  residue  to  give  we  amount  of  AljOa. 

Separatum  of  Manganese. — ^The  nitrate  from  the  separation  of 
the  mixed  hydroxides  is  treated  with  6  ml.  QH[)romine  water  and 
made  alkaline  with  ammonia.  The  solution^  measuring  not  more 
than  100  ml.,  is  l^rought  to  the  boil,  stirring  vigorously.  It  is 
allowed  to  boil  for  about  two  or  three  minutes  and  is  then  filtered 
on  to  a  5*5-cm.  No.  42  Whatman  filter  paper.  After  washing  with 
hot  water,  the  precipitate  is  ignited  in  a  tared  platinum  crucible 
and  weighed  as  MnsO|.  The  manganese  'content  of  the  latter 
is  checked  colorimetrically. 

ResuUa  of  some  Test  Analyses  made  to  Check  the  above  Procedure. 

A  number  of  test  analyses  were  made  to  check  the  accuracy  of 
the  analytical  procedure  described  above.  In  all  easel  the  amounts 
of  added  oxides  were  unknown  to  the  operator.  Some  typical  results 
are  given  in  Table  XIII. ;  this  Table  also  contains  figures  obtained 


Table  XIII. — ResuUs  Obtained  on  Synthetic  Solutions  Using  the 

Modified  Analytical  Procedure. 
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an  average  non-metallic  residue,  and  on  two  others  containing 
appreciaUe  amounts  of  P2O5.  Sodium  bisulphate  was  present  in 
aU  four  solutions. 
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Outline  of  the  Proposed  Scheme  of  Analysis  when  a  Photometer  is 
Available. 

It  is  believed  that  the  use  of  a  photometer  will  allow  of  a  much 
simpler  scheme  of  analysis  for  chlorine  residues  than  the  modified 

Erocedure  given  above.  Such  a  scheme  has  already  been  described 
y  Stevenson  ^  in  the  Eighth  Ingot  Report. 

In  the  analysis  of  chlorine  residues  up  to  the  present,  the  deter- 
mination of  silica  has  always  followed  after  the  residue  has  been 
ignitsd  and  weighed.  Silica  could  be  separated  quantitatively  jand 
an  ignition  avoided  if  a  wet  oxidation  with  perchloric  acid  were 
carried  out  on  the  residue  (and  filter  paper)  after  filtration.  Pre- 
liminary experiments  have  shown  that  such  a  procedure  can  be 
readily  carried  out. 

Aner  the  determination  of  silica,  it  is  proposed  to  separate  iron 
and  titanium  from  the  filtrate  by  means  of  cupferron  and  chloroform; 
to  ignite  them  to  the  oxides  and  weigh,  and  to  determine  these 
elements  colorimetrically. 

In  the  water  extract  from  the  cupferron- chloroform  separation 
it  is  thought  that  aluminium,  chromium,  phosphorus  and  manganese 
can  all  be  determined  by  direct  colorimetric  methods  as  suggested 
by  Stevenson  (toe.  cit).  The  use  of  the  procedure  proposed  by 
liampitt  and  Sylvester  '  for  the  stabilisation  of  the  colour  developed 
by  the  addition  of  aurintricarboxylic  acid  to  aluminium  solutions 
is  under  consideration.  Work  on  these  lines  has  been  successfully 
carried  out,  using  a  Lovibond  tintometer. 


Part  B. — OenercU  Summary  Shotving  the  Applicability  and  Utility 

of  the  Chlorine  Method? 

By  E.  W.  COLBECK.  M.A..  S.  W.  CRAVEN,  A.M.C.Tr,  and 
W.  MURRAY,  A.M.C.T.,  A.I.C.  (Northwich). 

Synopsis. 

The  applicability  of  the  chlorine  method  to  various  types  of  steel 
is  discue»ea.  Good  agreement  in  the  total-oxygen  figures  obtained 
by  the  chlorine  method  and  the  vacuum  fusion  method  on  fully 
killed  plain  carbon  steels  was  obtained.  The  influence  of  sulphur 
and  phosphorus  in  steels  of  this  type  was  investigated. 

Possible  reasons  why  the  total  oxygen  result  determined  by  the 
chlorine  method  on  a  rimming  steel  is  lower  than  that  by  the  vacuum 
fusion  method  are  put  forward. 

Results  obtain^  by  the  chlorine  method  on  veuious  types  of 
weld  metal  are  given. 

^  Stevenson,  Eighth  Report  on  the  Heterogeneity  of  Steel  Ingots,  Section 
VI.,  Part  C,  Iron  and  Steel  InstUuU,  1939,  Special  Report  No.  26. 
'  Lampitt  and  Sylvester,  Analyst,  1932,  vol.  57,  p.  418. 
*  Received  February  11,  1941. 
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Futiire  work  on  the  effect  of  increased  chlorination  temperatures 
on  the  recovery  of  non-metallic  inclusions  is  mentioned,  partioularly 
in  connection  with  the  proposed  exeunination  of  a  series  of  alloy 
steels. 


SiNcB  the  publication  of  the  Eighth  Report  on  the  Heten^neity 
of  Steel  Ingots  no  further  work  in  collaboration  with  other  Members 
of  the  Oxygen  Sub-Committee  has  been  completed,  except  the 
examination  of  a  basic  Bessemer  rimming  steel  ingot,  details  of 
which  are  given  in  Section  IX.,  Part  A  of  the  present  Report.  In 
general,  therefore,  the  position  of  the  chlorine  method  remains  the 
same  as  set  out  in  the  conclusions  at  the  end  of  Section  VI.,  Part  4  of 
the  Eighth  Report.  Some  additional  materials  have  been  examined, 
the  rdSilts  of  which  are  given  later  (Table  XVI.),  but  corroborative 
figures  by  the  alcoholic  iodine  and  the  vacuum  fiision  methods  are 
not  available. 

No  further  work  has  been  done  by  the  chlorine  method  on  pig 
and  cast  iron. 

Carbon  Steeh, 

(1)  Killed  Steeh. — The  results  obtained  by  the  chlorine  method 
on  killed  steels  of  the  type  mentioned  in  the  Eighth  Report  (».e., 
samples  iSfffl267,  501 268,  SG1269  and  502694)  show  : 

(a)  That  good  agreement  for  total  oxygen  with  the  vacuum 
fusion  method  is  obtained ; 

(b)  that  the  amounts  of  individual  oxides  are  in  reasonable 
agreement  with  those  obtained  by  the  modified  alcoholic  iodine 
method  used  at  the  National  Physical  Laboratory ; 

(c)  that  the  chlorine  method  is  capable  of  giving  closely 
reproducible  results ; 

(d)  that  the  interference  from  sulphur  is  not  appreciable 
(sample  501267  contained  0-084%  of  sulphur) ; 

(e)  that  the  amount  of  phosphorus  retained  in  the  residues 
is  small.  For  example,  0-002%  of  P2O5  was  present  in  the 
residue  from  sample  501268,  which  contained  0-094%  of 
phosphorus ; 

(/)  that  the  presence  of  large  amounts  of  sulphur  and  phos- 
phorus existing  together  in  a  steel  do  not  appear  to  affect  the 
results  (see  results  for  samples  501269  and  502694). 

These  conclusions  are  illustrated  by  the  results  shown  in  Table 
XV.,  obtained  on  the  steels  the  chemical  analyses  of  which  are  given 
m  Table  XIV. 

(2)  Rimming  Steels, — In  Section  IX.,  Part  A  of  the  present 
Report  the  examination  of  a  basic  Bessemer  rimming  steel  ingot  is 
described.  The  results  obtained  for  total  oxygen  by  the  chforine 
method  on  the  core  and  envelope  of  this  ingot  are  much  lower  than 
those  returned  by  the  vacuum  fusion  method.    The  reasons  for 
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Table  XIV.— Chemical  Analyses  of  Steels  SG1267,  ^61268,  SG1269 

and  S62694. 

High-frequency  electric  steels  made  in  sillimanite  crucibles. 


Steel 
Sample 
Nomber. 

Ohemical  Analysis. 

c.   %. 

Si.    %. 

8.    %. 

P.    %. 

Mil.    %. 

Ti.   %. 

501267 
5(71268 
501269 
502694 

0-32 
0-33 
0-31 
0-30 

0-22 
0-25 
0-24 
0-26 

0084 
0-017 
0-083 
0092 

0009 
0-094 
0-086 
0163 

0-68 
0-67 
0-68 
0-62 

0-002 
0007 
0012 
0001 

this  are  not  yet  fully  understood.    The  following  suggestions  are, 
however,  put  forward  on  the  limited  evidence  at  present  available  : 

(a)  The  inclusions  present  in  rimming  steel  may  be  sus- 
ceptible to  attack  by  chlorine  at  350°  C,  perhaps  because  of  the 
fact  that  in  this  type  of  steel  they  consist  largely  of  FeO  and 
MnO,  present  as  such  and  not  linked  with  appreciable  amounts 
of  SiOj  or  AI2O3  as  in  killed  steels. 

(b)  There  is  considerable  controversy  as  to  whether  oxyeen 
exists  in  "  solid  solution  "  in  steel.  If  it  is  present  in  rimming 
steels  in  such  a  form  it  is  probable  that  it  would  not  be  retained 
in  chlorine  residues,  although  it  would  be  extracted  by  the 
vacuum  fusion  procedure. 

The  above  explanations  should  be  considered  as  tentative;  it 
is  clear  that  a  much  larger  number  of  samples  must  be  examined 
before  any  definite  conclusions  can  be  put  forward. 

(3)  MisuUaneous  MaUrials  Examined. — A  few  preliminary 
experiments  have  been  carried  out  on  some  types  of  steel  that  have 
not  yet  been  examined  by  the  Oxygen  Sub-Committee  on  a  co- 
operative basis.  The  results  obtained  by  the  chlorine  method  are 
shown  in  Table  XVI.  Since,  however,  no  comparative  figures  bv 
either  the  alcoholic  iodine  or  the  vacuum  fusion  methods  are  avail- 
able, the  results  must  be  treated  with  reserve. 

Sample  C6  is  an  example  of  a  0*65%  carbon  steel  which  has  been 
successfuUy  examined  by  the  chlorine  method.  In  this  case  the 
retention  of  phosphorus  in  the  chlorine  residue  is  of  a  low  order. 

In  the  siUcon-killed  example  iSf02616,  the  silica  fraction  of  the 
chlorine  residue  predominates.  Similarly,  the  alumina  fractions 
of  the  residues  from  the  aluminium-killed  steels  TC4  and  TC%  are 
noticeably  higher  than  in  the  steels  TC2  and  TC6,  which  had  no 
aluminium  additions. 

Samples  TC6  and  TC%  are  instances  of  steels  containing  1-5% 
of  manganese  which  have  been  chlorinated  without  difficulty  at 
350°  C. 

The  oxygen  contents  of  the  weld-metal  deposits  made  by  the  arc 
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process  are  rather  high ;  this,  in  general,  appears  to  be  due  to  the 
presence  of  entrapp^  silicates,  which  is  in  good  agreement  with 
what  is  normally  found  when  such  welds  are  examined  under  the 
microscope.  The  oxygen  content  of  the  oxy-acetylene  welds  is  of  a 
very  much  lower  order,  owing  to  the  almost  complete  absence  of 
silicates  in  the  residues. 

AUoy  Steels. 

No  further  co-operative  work  has  been  done  on  alloy  steels  since 
the  publication  of  the  Eighth  Report.  In  that  Report  ^  results  for 
total  oxygen  on  a  series  of  steels  containing  amounts  of  alloying 
elements  of  the  order  of  0*5%  were  given,  ^e  agreement  between 
the  chlorine  and  vacuum  fusion  methods  was  fair  in  all  cases. 

Preliminary  experiments  have  indicated  that  as  the  chromium 
content  of  steels  rises  the  resistance  of  the  alloys  to  attack  by 
chlorine  increases.  It  is,  therefore,  probable  that  chlorination 
temperatures  above  350^  C.  will  have  to  be  employed  when  the 
percentage  of  chromium  rises  above  a  certain  limiting  figure. 
Before  the  determination  of  non-metallic  inclusions  by  the  chlorine 
method  on  a  new  series  of  alloy  steels  (particularly  those  containing 
chromium)  is  proceeded  with,  it  seems  essential  that  the  effect  on 
the  inclusions  of  increasing  chlorination  temperatures  should  be 
explored. 


SECTION  V. — ^Thb  Alcoholic  Iodinb  Method. 

Part   A. — Present   Position,   Limitations  and  Possibilities   of  the 
Alcoholic  Iodine  Method,  with  a  Note  on  Factors  Affecting  the  Presence 

of  Phosphorus  in  the  Residue,* 

By  T.  E.  ROONEY,  A.M.S.T.,  F.I.C.  (National  Physical  Laboratory, 

Teddinoton). 

Synopsis. 

The  investigations  on  the  alcoholio^odine  method  carried  out  by 
the  laboratories  collaborating  in  the  work  of  the  Oxygen  Sub-Com- 
mittee  are  summarised  and  references  to  the  Reports  where  more 
complete  details  can  be  found  are  given ;  brief  mention  is  made  of 
the  method  which  has  become  standard  practice  and  of  a  modifica- 
tion which  is  convenient  for  routine  determinations.  The  types  of 
steel  that  can  be  successfully  examined  are  indicated,  and  a  modifica- 
tion that  may  be  necessary  for  steels  of  the  rimming  type  is  described. 
The  limitations  of  the  method  and  the  possibilities  of  extending  its 
use  to  alloy  and  other  steels  are  discussed,  and  a  note  on  factors 
affecting  the  presence  of  phosphorus  in  the  residue  is  appended. 
The  successful  use  of  alcoholic  iodine  solution  for  stripping  oxide 
films  from  iron  is  mentioned. 

^  Eighth  Report  on  the  Heterogeneity  of  Steel  Ligots,  Section  VI.,  Part  4, 
sub-section  B,  p.  Ill,  Iron  and  Steel  InsUtute,  1939,  Special  Report  No.  26. 
*  Received  February  25,  1941. 
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PreaeTU  Position  of  the  Alcoholic  Iodine  Method, 

The  Method. — Since  the  publication  of  the  Second  Report  of 
the  Oxygen  Sub-Committee  the  stirring  apparatus  devised  at  the 
National  Physical  Laboratory  has  been  tested  and  adopted  by 
other  laboratories.  This  apparatus  is  similar  to  that  described 
in  the  First  Report,^  but  includes  certain  minor  modifications 
which  are  given  in  the  Second  Report.'  The  stirring  method 
(Second  Report,  loc.  cit,,  p.  146)  has  become  standard  practice. 
The  stirring  is  carried  out  at  60-65^C.  in  order  to  ensure  complete 
decomposition  of  sulphides.  Solid  samples  of  thin  section  are 
used  instead  of  the  millings  employed  in  the  older  procedure  in 
order  to  minimise  the  effects  of  surface  oxide  films,  and  the  alcoholic 
iodine  solution  is  deoxidised  by  passing  a  stream  of  nitrogen  through 
the  boiling  liquid.      * 

A  recent  modification  of  the  above  method  has  been  devised 
at  Stocksbridge  (this  Section,  Part  B),  and  as  modified  is  similar  to 
the  **  boiling  method  "  (Second  Report,  loc  cit,,  p.  142).  Rubber 
stoppers  were  used  instead  of  ground-glass  joints  in  the  preliminary 
tests,  but  were  a  source  of  weakness  in  the  method.  They  were 
replaced  by  glass  joints  so  arranged  that  the  greased  surfaces  are 
outside  the  reaction  fiask.  The  solution  after  reaction  has  ceased 
is  allowed  to  cool  to  room  temperature  and  is  filtered  through  a 
paper-pulp  filter  previously  washed  with  dry  alcohol.  This  method 
simplifies  the  procedure  to  some  extent,  but  the  standard  practice 
above  noted  is  adhered  to,  viz. :  (1)  Exclusion  of  oxygen  and  water 
vapour  from  the  atmosphere  of  the  reaction  vessel.  (2)  Agitation 
of  the  solution.  (3)  Maintenance  of  the  reaction  solution  at  a  fixed 
temperature.  (4)  Use  of  solid  samples.  (5)  Deoxidation  of  the 
alcoholic  iodine  solution. 

Application. — ^The  method  can  be  used  for  the  determination 
of  oxidee  in  low-  and  medium-carbon  steels  not  containing  apprepiable 
amounts  of  elements  which  form  stable  carbides  or  insoluble  iodides. 
Such  steels  represent  a  large  proportion  of  the  total  tonnage  of 
manufactured  steel. 

In  Table  XVU.  results  are  given  for  materials  to  which  the  method 
has  been  successfully  applied.  It  is  not  suggested  that  this  list 
exhausts  the  applicability  of  the  method,  and  it  is  expected  that 
copper  and  nickel  steels  as  well  as  other  materials  will  yield  reliable 
results. 

It  is  well  known  that  most  analytical  methods  can  be  varied 
or  modified  to  suit  the  material  under  consideration.  In  Table  XVIII. 
the  results  of  some  experiments  on  a  rimming  steel  are  given  in 
order  to  illustrate  how  a  simple  modification  can  be  made  to  suit 

^  Seventh  Report  on  the  Heterogeneity  of  Steel  Ingots,  p.  113,  Iran  and 
Steel  InetUuU,  1937,  Special  Report  No.  16. 

*  Eighth  Report  on  the  Heteroseneity  of  Steel  Ingots,  p.  142,  Iron  and 
Steel  InatiHOe,  1939,  Special  Report  No.  25. 


THIRD  BBPOBT  OF  THB 


SSSSollSSss  $1  tiZt 


iiiiiiilsis  iiliil 


tZta  '■  '■  'III*    X    e  ' 


\  iiij|s||||! 


sass  „„       5  ss 


■11 
i?  i 


i\ 


Ik 

m 

8SS 

t* 

yi 

i* 

ill 

P 

111 

i 

i* 

ill 

P 

ill 

i 

ii 

III 

P 

ill 

i 

A* 

ill 

P 

ill 

i 

Ai 

ill 

i* 

ill 

IW 

111 

i 

i 

hh 

31: 

I 

OXYOBN  SUB-COMMITTES. — SBCmON   V.,  PABT  A.  347  P 

this  class  of  material.    This  steel  is  described  as  of  the  low-carbon 
rimming  type  and  its  analysis  is  as  follows  : 


Otfbon.         Silioon.       MaaganflM.       Salphnr.      Phosphoros.    Ohrominm.       Yanadlam. 
0-03%       0-002%       0-31%        0036%      0011%       0004%         0001% 

In  the  first  experiment  (1)  the  standard  procedure  was  used, 
in  the^seoond  (2)  a  maximum  temperature  of  55°  C.  of  the  mixture 
was  reached  in  about  45  min.,  falling  to  40°  C.  towards  the  end  of 
the  experiment,  and  in  the  third  (3)  no  external  heat  was  applied 
to  the  iodine  solution  and  a  maximum  temperature  of  33°  C.  was 
reached  in  about  30  min.,  falling  to  25°  C.  towards  the  end  of  the 
experiment. 

These  experiments  tend  to  show  that  oxides  of  iron  and  manga- 
nese contained  in  some  types  of  rimming  steel  are  soluble  in  alcoholic 
iodine  solution  if  the  temperature  exc^ds  33°  C.  If  the  tempera- 
ture is  controlled  in  this  region  a  recksonable  result  can  be  obtained 
on  this  material. 

In  the  paper  by  Swinden  and  Stevenson  (Section  IX.,  Part  A)  an 
example  is  given  of  a  basic  Bessemer  rimming  steel  which,  in  a  similar 
manner  to  the  rimming  steel  noted  above,  yields  lower  calculated 
total  oxygen  values  by  the  chlorine  and  iodine  methods  than  the 
total  oxygen  by  the  vacuum  fusion  method.  It  is  probable  in  this 
case  also  that  the  use  of  a  lower  reaction  temperature  will  result 
in  a  total  oxygen  value  by  the  iodine  method  more  in  line  with 
that  by  the  vacuum  fusion  method. 

Although  outside  the  scope  of  the  work  of  the  Sub-Committee, 
it  may  not  be  out  of  place  to  refer  to  an  application  of  the  method 
other  than  for  the  determination  of  oxide  inclusions.  Reference 
has  been  made  elsewhere  to  the  successful  use  of  alcoholic  iodine 
solution  for  stripping  oxide  films.^  The  work  illustrates  the  accuracy 
which  is  possible  in  isolating  iron-oxide  films. 

LimikUians  of  the  Method. 

(1)  Difficulties  have  been  experienced  in  dealing  with  aluminium- 
killed  steels  and  some  to  which  aluminium  has  been  added,  mainly 
of  the  medium-  and  high-carbon  type.  Table  XIX.  gives  the 
analyses  of  the  steels  and  Table  XX.  the  results  of  iodine  determina- 
tions. The  difficulty  probably  arises  owing  to  the  retention  of 
undecomposed  aluminium  carbide  and/or  aluminium  nitride^  in 
the  oxide  residue  after  treatment  with  the  iodine  solution. 

(2)  The  low  solubility  of  iron  carbide  in  the  iodine  solution  is 
another  factor  which  limits  the  applicability  of  the  method.  In  Table 
XVII.  results  are  given  for  steels  containing  up  to  0-43%  of  carbon 

*  Vernon,  Wonnwell  and  Nurse,  Journal  of  the  Chemical  Society,  1939, 
April,  p.  621. 

*  Klinger  and  Eloch,  Technische  MiUeUungen  Krupp,  Forschungtberichte, 
193S,  May,  No.  3,  p.  49. 
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to  which  the  method  has  successfully  been  applied.  It  is  probable 
that  steels  containing  up  to  0-6%  of  carbon  and  low  aluminium 
and  nitrogen  contents  can  be  examined  by  the  method.  Work 
has  been  in  progress  at  Sheffield  University  (Section  IX.,  Part  B) 
on  a  series  of  carbon  steels  in  order  to  determine  the  solubility  of 
iron  carbide  in  alcoholic  iodine  solution. 

(3)  Alloy  steels  containing  appreciable  amounts  of  elements 
such  as  chroiAium,  vanadium,  titanium,  &c.,  which  form  stable 
carbides,  or  elements  such  as  titanium  and  molybdenum  the  iodides 
of  which  are  insoluble  in  alcohol,  when  treated  by  the  standard 
procedure  yield  residues  which  contain  an  undue  proportion  of 
material  other  than  oxides.  The  magnitude  of  this  effect  may  be 
illustrated  by  quoting  the  results  obtained  on  two  commerical  alloy 
steels  which  have  been  examined  at  the  National  Physical  Labora- 
tory. A  molybdenum-titanium  steel  (carbon  0-13%,  silicon  0-03%, 
manganese  0-71%,  molybdenum  0-52%  and.  titanium  0-24%) 
yielded  a  total  ignited  residue  of  0*6%  containing  both  titanium 
and  molybdenum.  This  is  to  be  attributed  to  the  insoluble  character 
of  the  iodides  of  these  elements,  and  it  is  possible  that  their  carbides 
may  not  be  easily  decomposed  by  the  iodine  solution.  A  portion 
of  the  molybdenum  was  volatilised  during  the  ignition  of  the  residue, 
but  practically  a  quantitative  recovery  of  titanium  was  obtained, 
viz.,  0-23%. 

A  nickel-chromium  steel  ^carbon  0-5%,  nickel  2-0%,  chromium 
2-0%)  yielded  a  residue  before  ignition  of  7-9%  which  consisted 
principally  of  chromium  carbide.  The  vacuum  fusion  value  for 
total  oxygen  was  0-003%. 

The  presence  of  large  amounts  of  stable  carbides  jn  the  residues 
obtained  from  alloy  steels  is  a  serious  complication  and  may  make 
impossible  the  correct  evaluation  of  the  oxides  present. 

(4)  Certain  steels  have  been  examined  which  yield  variable 
results' for  the  MnO  fraction.  By  prolonging  the  stirring  operation 
after  the  steel  was  dissolved  normal  values  for  the  MnO  were 
obtained.  Examples  may  be  quoted  from  the  Second  Report 
(p.  164),  viz.,  steels  5(?1269  and  802694.  Both  these  steels  con- 
tained  0-3%  of  carbon,  were  melted  in  the  induction  afumace  and 
were  killed  steels. 

The  results  recorded  in  Table  XXI.,  obtained  on  steel  iS(?2694, 
illustrate  this  type  of  effect. 

Steel  8G2694:  contained  0163%  of  phosphorus,  and  the  usual 
procedure,  viz.,  stirring  at  just  over  60°  C.  until  the  sample  was 
dissolved,  gave  very  high  values  for  the  MnO  fraction.  In  the 
first  three  experiments  in  Table  XXI.  the  stirring  was  continued  until 
the  samples  were  just  dissolved.  In  experiment  4  stirring  was 
continued  for  about  2  hr.  after  the  sample  was  dissolved.  The 
magnitude  of  the  MnO  fraction  was  considerably  reduced  and  the 
total  oxygen  obtained  was  then  in  reasonable  agreement  with  the 
vacuum  fusion  result. 
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The  explanation  for  the  variation  in  the  MnO  content  with 
stirring  time  is  not  yet  clear. 

PossibilUiea  of  Further  Improving  or  Modifying  the  Method. 

{a)  It  may  be  possible  in  the  case  of  aluminium-killed  steels 
to  determine  the  amount  of  aluminium  carbide  and  nitride  in  the 
residue  directly.  • 

(6)  In  the  case  of  carbon  and  alloy  steels  it  may  be  possible 
to  isolate  the  carbides  from  the  oxide  portion  of  the  residue  by 
similar  means  to  those  employed  in  electrolytic  methods,  by  magnetic 
treatment  during  filtration  (percolation  method,  Second  Report, 
p.  144),  or  by  treatment  such  as  that  used  in  the  aqueous  iodine 
method  (this  Report,  Section  VI.,  Part  A). 

(c)  As  noted  above,  difficulties  connected  with  the  MnO  fraction 
are  receiving  further  attention. 

Note  on  Factors  Affecting  the  Presence  of  Phosphorus  in  the  Residue. 

The  presence  of  phosphorus  in  the  residue  has  always  been 
an  elusive  subject  to  investigate,  probably  because  it  is  affected 
by  a  number  of  different  factors.  Its  influence  on  the  analysis 
of  the  residue  was  demonstrated  in  the  Second  Report  (p.  145). 
Phosphorus  contained  in  a  steel  had  been  regarded  as  being  com- 
pletely soluble  in  the  iodine  solution,  but  it  was  found  that  a  small 
quantity  was  retained  in  the  residue.  This  small  quantity  forms 
P2O5  on  ignition  and  to  a  greater  or  less  extent  affectis  the  acciuracy 
of  the  analysis  of  the  residue.  In  the  ammonia  method  of  estimat- 
ing the  alumina  some  P2O5  is  retained  in  the  precipitate,  even  after 
rrarecipitation,  and,  being  registered  as  alumina,  has  an  appreciable 
effect  6n  the  calculation  of  the  totid  oxygen. 

Recently  it  has  been  noted  in  the  analysis  of  chlorine  residues 
that  the  presence  of  excessive  amounts  of  P2OK  interferes  with  the 
direct  determination  of  silica  by  the  hydrofluoric  acid  method 
(Section  IV.,  Part  B).  This  observation  agrees  with  those  of  other 
members  of  the  Oxygen  Sub-Committee  using  the  alcoholic  iodine 
method,  who  have  advocated  indirect  methods  for  the  determination 
of  silica  (First  Report,  p.  118,  and  Second  Report,  p.  180).  The 
retention  of  appreciable  amounts  of  phosphorus  in  chlorine  residues 
is  commented  on  in  Section  IV.,  Part  A  of  the  present  Report, 
and  is  worth  emphasising  here  that,  as  hitherto,  the  amount  retained 
has  been  much  lower  in  chlorine  than  in  iodine  residues,  and  it  may 
be  interesting  to  examine  the  effects  with  the  iodine  method. 

Effect  of  Oxygen  on  the  Phosphorus  CoTitent  of  the  Residue. — Some 
experiments  were  made  at  the  National  Physical  Laboratory  on 
an  alloy  of  pure  iron  and  phosphorus.  It  was  hoped  by  the  use  of 
this  material  to  reduce  the  number  of  factors  affecting  the  influence 
of  phosphorus  in  the  alcoholic  iodine  method. 

The  alloy  contained  0-053%  of  phosphorus.  The  iodine  solu- 
tion was  deoxidised  twice  with  nitrogen,  the  stirring  method  was 
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used  and  a  temperature  of  just  over  60°  C.  was  reached  in  about 
}  hr.  and  maintained  until  the  end  of  the  experiment. 

One  experiment  carried  out  with  thin  discs,  in  order  to  minimise 
the  effect  of  surface  oxygen,  showed  that  the  phosphorus  does  not 
interfere  with  the  method  when  applied  to  iron  containing  {rfios- 
phorus  and  only  small  amounts  of  oxygen.  A  second  experiment 
with  millings  indicated  that  surface  oxidation  introduces  sufficient 
oxygen  to  have  a  small  effect  on  the  phosphorus  content  of  the 
residue.    The  results  are  recorded  in  Table  XXII. 

The  next  step  appears  to  be  the  examination  of  an  alloy  of 
pure  iron,  phosphorus  and  about  0-01%  of  oxygen,  in  order  to 
determine  whether,  in  the  presence  of  iron  oxide  (**  body  oxygen  "), 
PgOg  is  retained  in  the  residue. 

In  conclusion,  the  aut^r  wishes  to  acknowledge  the  assistance 
of  the  members  of  the  Oxygen  Sub-Committee  whose  work  is 
referred  to  in  the  paper,  and  for  permission  to  publish  acknowledg- 
ment is  made  to  the  Director  of  the  National  Physical  Laboratory. 


Part  B. — A  SimplificcUion  of  the  Alcoholic  Iodine  Method  for  the 

DeiermincUion  of  Oxide  Residues  in  Steel.^ 

By  W.  W.  STEVENSON,  A.I.C.,  and  G.  E.  SPEIGHT,  B.Sc.,  A.I.C. 

(Stocksbbidqe,  neab  Sheffield). 

(Under  the  direction  of  T.  Swinden,  D.Met.) 

Synopsis. 

The  conditions  necessary  for  the  successful  operation  of  the 
standard  alcoholic  iodine  method  for  the  determination  of  oxide 
inclusions  in  iron  and  steel  are  discussed  and  the  development  and 
operation  of  a  simphfied  method  is  described.  Some  possible  errors 
are  reviewed  and  typical  results  by  the  simplified  procedure  on 
various  materials  are  given. 


The  use  of  a  solution  of  iodine  in  absolute  alcohol  for  the  deter- 
mination of  oxides  in  steel  was  recommended  by  Willems,'  who 
claimed  that  the  reaction  should  be  carried  out  in  a  neutral  atmo- 
sphere and  in  the  absence  of  water.  These  conditions  were  covered 
in  an  apparatus  designed  by  B.  A.  Bannister  ^  at  Sheffield  University, 
and  also  in  a  modified  apparatus  used  by  Rooney  and  Stapleton.^ 
The  method  consisted  of  dissolving  7-8  g.  of  millings  in  a  solution  of 
70  g.  of  pure  iodine  in  600  ml.  of  specially  dried  methyl  alcohol,  in 

^  A  communication  from  The  United  Steel  Companies,  Ltd.»  Centntl 
Research  Department,  Stocksbridge,  near  Sheffield,  received  February  10, 
1941. 

«  Willems,  Archiv  fiir  das  EisenhutUnwesen,  1927-28,  vol.  1,  p.  666. 

»  Bannister.  Sheffield  University,  Ph.D.  Thesis,  1933. 

*  Rooney  and  Staploton,  Journal  of  the  Iron  and  Steel  InatUuU,  1936, 
No.  I.,  p.  249. 
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an  enclosed  vessel  contained  in  a  mechanically  rotated  box.  The 
vessel  had  been  previously  filled  with  nitrogen,  and  all  filtrations, 
&,c.y  were  also  carried  out  in  an  atmosphere  of  purified  nitrogen; 
a  non-metallic  residue  of  a  few  milligrammes  in  weight  resulted  after 
solution  and  filtration  of  the  iron. 

The  later  developments  of  the  alcoholic  iodine  method  are 
described  in  the  previous  Reports  of  the  Heterogeneity  of  Steel 
Ingots  Committee,^  and  have  taken  the  form  of  (a)  modified  apparatus, 
».«.,  means  of  "  churning,''  ''  stirring  "  and  ''  boiUng,"  to  maintain 
constant  the  temperature  of  the  reaction,  (6)  de-seration  of  the  alcohol 
solvent,  (c)  the  use  of  piece  samples  as  a  precaution  against  surface 
oxide  content  of  miUings,  and  (d)  modified  methods  of  analysis  of  the 
residues.  The  possibility  of  applying  the  method. to  carbon  steels, 
low-alloy  steels,  and  pig  and  cast  irons  has  been  studied  and  a 
comparison  of  the  resiilts  with  those  obtained  from  other  methods 
has  been  made. 

Our  knowledge  of  the  alcoholic  iodine  method  indicates  that 
comparable  results  are  obtained  only  by  rigid  adherence  to  certain 
conditions,  which  may  be  enumerated  as  follows  : 

(1)  The  exdtisian  of  oxygen  and  vxzter  vapour  from  the 
atmosphere  of  the  reaction  vessel.  This  is  attained  in  the  standard 
method  by  extensive  purification  of  synthetic  methanol  by 
successive  fluxing  and  distillation  over  metallic  calcium,  and 
by  the  use  of  a  suitable  apparatus  whereby  carefully  purified 
nitrogen  is  admitted  to  the  evacuated  reaction  vessel. 

(2)  Agitation  of  the  soltUion  during  reaction.  The  reaction 
proceeds  very  slowly  in  the  absence  of  movement,  and  mechanical 
shaking  was  first  adopted.  The  standard  method  now  uses  an 
electrically-driven  stirrer  which  is  inserted  in  the  reaction 
vessel. 

(3)  Maintenance  of  the  solution  at  a  fixed  temperature.  The 
reaction  between  iodine  and  iron  evolves  a  large  amount  of 
heat,  which  serves  to  increase  the  temperature  of  the  solution. 
Much  of  the  early  work  was  vitiated,  owing  to  the  variable 
temperature  attained  by  the  iodine  solution,  which  thus  reacted 
in  an  indefinite  manner  towards  the  sulphides  present  in  the 
sample. 

(4)  The  use  of  a  sample  ofsnuUl  surface  area  is  essential,  since 
the  risk  of  error  due  to  surface  oxidation  of  the  steel  during  the 
preparation  of  the  sample  is  minimised.  The  ideal  material 
size  would  be  one  piece  of  appropriate  weight,  but  since  solution 
of  this  would  be  too  slow,  a  compromise  is  effected  by  using  thin 
discs  about  2  mm.,  in  thickness. 

^  Andrew,  Raine  and  Vickers,  Sixth  Report  on  the  Heterogeneity  of  Steel 
Ingots,  Iron  and  Steel  Institute,  1935,  Special  Report  No.  9,  p.  50.  Rooney, 
Stevenson  and  Raine,  Seventh  Report,  1937,  Special  Report  No.  16,  p.  109. 
Rooney,  Eighth  Report,  1939,  Special  Report  No.  25,  p.  141.  Taylbr- Austin, 
Eighth  Report,  1939,  Special  Report  No,  25,  p.  159. 

1941— i  1^  K 
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(5)  De^cercUion  of  the  alcohol  solvent  is  recommended. 
Alcohol  is  capable  of  dissolving  a  large  volume  of  oxygen,  and 
since  great  care  is  taken  to  remove  oxygen  from  the  atmosphere 
of  the  reaction  vessel,  it  is  advisable  to  renlove  any  air  possibly 
dissolved  in  the  liquid  solvent.  In  the  standard  method  this  is 
carried  out  by  distillation  of  the  alcohol  while  maintaining  a 
passage  of  purified  nitrogen. 

The  standard  method  as  described  in  the  Eighth  Report  on  the 
Heterogeneity  of  Steel  Ingots  satisfactorily  compUes  with  the 
above  conditions,  but  requires  the  use  of  a  specially  designed 
complicated  apparatus,  which  at  first  examination  restricts  the 
widespread  use  of  the  method  to  the  field  of  research.  It  has  now 
been  found  that  a  simpler  form  of  apparatus,  more  adaptable  to 
ordinary  chemical  laboratory  conditions,  may  be  used.  In  addition, 
in  the  apparatus  used  in  the  standard  method  several  greased  joints 
are  Uable  to  contaminate  the  extracted  residue  and  thereby  introduce 
complications.  The  modified  apparatus,  which  satisfies  the  above 
conditions,  also  avoids  the  possibility  of  grease  contamination.  A 
description  of  the  apparatus  follows  : 

The  early  attempts  at  simplification  of  the  iodine  method  were 
carried  out  with  the  usual  chemical  laboratory  ware  shown  in  Fig.  6. 
This  arrangement  consists  of  an  R.P.  flask  (1000  ml.  capacity)  fitted 
with  a  rubber  bung  and  a  straight  8-in.  Liebig  condenser.  The 
upper  end  of  the  condenser  is  closed  by  a  bung,  carrjdng  a  long 
delivery  tube  (4  mm.  in  dia.),  reaching  to  withm  a  fraction  of  an 
inch  of  the  bottom  of  the  R.P.  flask,  and  a  shorter  fine-capillary 
outlet  tube.  The  long  delivery  tube  is  connected  to  a  supply  of 
nitrogen,  purified  as  described  in  a  previous  Report  of  the  Oxygen 
Sub-Committee  ^ ;  thus,  an  atmosphere  of  purified  nitrogen  is 
maintained  in  the  apparatus. 

The  sample,  in  the  form  of  pieces  about  12-13  mm.  in  dia.  and 
2  mm.  in  thickness,  and  of  total  weight  approximately  10  g.,  is 
cleaned  in  benzene  and  ether,  and  immediately  weighed  and  placed 
in  the  clean  and  dried  R.P.  flask.  The  alcohol-iodme  solvent,  pre- 
pared as  described  on  p.  109  of  the  Seventh  Ingot  Report  (70  g.  of 
A.R.  iodine  in  600  ml.  of  purified  methyl  alcohol),  is  filtered  through 
a  fine  filter  paper,  previously  washed  with  alcohol,  into  the  R.P. 
flask  containing  the  sample.  The  condenser  and  delivery  tube  are 
attached  to  the  flask,  which  is  supported  on  a  sand  tray  or 
electrically-heated  plate,  and  before  applying  heat  the  supply  of 
pure  nitrogen  is  commenced. 

After  passing  a  stream  of  nitrogen  for  1  hr.,  heat  is  supplied  to 
the  solution  and  in  about  16-20  min.  the  solvent  boUs  gently.  The 
nitrogen  flow  is  continued  throughout  the  test  and  solution  of  the 
sample  commences  and  is  usually  complete  in  5-6  hr.,  although  an 
occasional  sample  may  require  longer ;    completeness  of  solution  is 

*  Andrew,  Kaine  and  Vickers,  loc.  cit. 
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revealed  quite  easily  by  inspection  of  the  flask  and  contents.  The 
source  of  heat  is  removed  cuad  the^  reaction  flask  allowed  to  cool 
while  still  maintaining  the  flow  of  nitrogen  (usually  this  is  continued 
overnight).  When  cold,  the  solution  is  filtered  through  a  tightly 
packed  paper-pulp  filter  (previously  washed  with  alcohol),  and  the 
residue  is  washed  rapidly  with  purified  methyl  alcohol,  dried,  ignited 
and  weighed  in  the  customary  manner.  The  time  interval  between 
disconnecting  the  nitrogen  flow  and  completion  of  the  washing  must 
be  very  short  and  care  must  be  taken  to  avoid  "  creeping  "  of  the 
iron-iodide/iodine  solution  on  the  walls  of  the  funnel.  If  the  latter 
point  is  overlooked,  danger  exists  in  alcohol  evaporating  and  leaving 
a  dried  residue  of  iron  iodide,  which  may  decompose,  leaving  a  basic 
iron  residue  on  subsequent  washing  with  alcohol.    Periodic  washing 


Pure_ 
Nitrogen 


Hot 'Plate 
or  Heated 
Sand -Tray 


^  Pure  Nitrogen 
fine  capillary 
tube  outlet. 


yd' in.  Liebig 
Water  Condenser. 


lOOOmL  R.P  flask. 

Iodine -AkofK)! 
Solvent. 

Sample  m  piece 
form 


Fio.  6. — Original  Apparatus  for  the 
Modified  Alcoholic  Iodine  Method. 


Pure 
Nitrogen 


8 -in  Water 
Condenser 


Pure 
Nitrogen 


^odine' Alcohol 
Solvent. 

Sample  in  piece 
form 


Fio.  7. — Later  Appcu'atus  In- 
corporating Ground  Joints* 


with  drops  of  alcohol  from  a  dropping  bottle  whUe  the  filtration  is 
proceeding  overcomes  this  possibiUty. 

It  will  be  seen  that  the  above  procedure  is  very  simple  and  fulfils 
the  essential  conditions  of  the  alcoholic  iodine  method.  Oxygen  and 
water  vapour  are  excluded  by  the  continued  passage  of  purified 
nitrogen ;  agitation  and  the  fixed  temperature  of  the  solution  are 
obtained  by  the  bubbling  of  the  nitrogen  through  the  gently  boiling 
solution.  Also,  the  passing  of  nitrogen  through  the  heated  solvent 
is  equivalent  essentially  to  the  de-oxygenation  as  carried  out  at  the 
National  Physical  Laboratory.  In  addition,  the  residue  and  iodine 
solvent  do  not  come  into  contact  with  any  greased  joints  and  hence 
contamination  is  avoided.  The  modified  method  also  permits  of  a 
number  of  samples  being  dissolved  in  a  battery,  since  four  such 
apparatus  have  been  connected  in  series  and  tests  conducted 
simultaneously. 
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An  apparent  objection  lies  in  the  fact  that  the  solution  after 
reaction  is  filtered  in  the  open  atmosphere.  However,  the  results 
indicate  that  there  is  little  or  no  danger  in  exposing  the  iron-iodide/ 
iodine  solution,  after  reaction,  to  the  atmosphere,  provided  that  the 
solution  is  cold  and  filtration  is  carried  out  rapidly,  i,e.,  in  about 
10-15  min.  The  black  residues  on  the  filter  show  no  evidence  of 
basic  iron  contamination  and  analysis  for  iron  oxide  has  revealed  the 
presence  of  normal  quantities.  The  chief  source  of  extraneous  iron 
oxide  in  the  ignited  residue  is  imperfect  washing  of  the  filter  with 
alcohol,  which  penetrates  the  core  of  the  filter  with  difficulty. 
Hence,  whilst  ^tration  of  the  iodide  solution  must  be  speedily 

Table  XXIII. — Determination  of  Non-MetaUic  Induaiona  by  the 
Modified  Alcoholic  Iodine  Method.     Weld-Metal  Deposits. 


Total  ignited  residue. 


o- 

/o 


/o 


0/ 
O' 

/o 


Silica  (SiO,).     % 
Iron  oxide  (FeO). 
Titania  (TiO,).     %    . 
Alumina  (A1,0,).   .% 
Manganese  oxide  (MnO). 
Chromium  oxide  (CrjOs). 


Total.*     % 


PjOft  not  determined. 

Total  oxygon.     %. 

(a)  Calculated  from  the  sum  of 

SiO„  FeO,  A1,0,  and  MnO 

(6)  By  the  vacuum  fusion  method 


Weld  Metal  ill802. 


Testl. 


0-247 

0090j 

0007 

0020 

0-005 

0-108, 

0-000, 


0-231, 


0076 


Ttet2. 


0-260 

0090 

0006, 

0020, 

0005 

0-110, 

0-000, 


0-233 


Weld  Metal  ^1803. 


Testl. 


0-284 

0-106, 
0023, 

Nil 
0-003 
0138, 
0-001, 


0-273 


0073, 


0076, 


0-094 


Test  2. 


0-289 

0-106 
0022, 

Nil 
0-003 
0-139, 
0001 


0-271 


0-104, 


0093, 


*  The  oxides  FeO  and  MnO  are  possibly  changed  during  ignition  to  Fe,0| 
and  Mn304. 

carried  out,  the  subsequent  washing  must  under  no  circumstances 
be  hurried. 

The  preliminary  tests  with  the  above  apparatus  were  very 
satisfactory,  but  for  the  early  observation  that  the  use  of  rubber 
bungs  was  a  weakness  in  the  method.  Accordingly,  the  apparatus 
illustrated  in  Fig.  7,  in  which  the  rubber  bungs  are  replaced  by 
standard  ground  joints,  so  arranged  that  the  greased  surfaces  are 
outside  of  the  reaction  flask,  was  designed.  This  apparatus  is  used 
identically  as  described  previously  and  also  enables  several  deter- 
minations to  be  conducted  simultaneously. 

The  above  method  has  been  adopted  for  the  determination  of 
oxide  residues  in  killed  steels  in  the  Central  Research  Department  of 
The  United  Steel  Companies,  Ltd.,  and  Tables  XXIII.  to  XXV. 
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Table  XXIV. — DeUrmimxtion  of  Nan-MetaUic  Indttsions  by  the 
Modified  Alcoholic  Iodine  Method,    Boiler  Plate  Steels. 

Method  of  manufacture  :  Basic  open-hearth. 

Ladle  additions : 

Carbon  ..... 

Ferro-znanganese 

Silico-manganese 
Mould  addition :  Alsimin 


A) 


Pit  Analysis : 
Carbon. 
Manganese. 
Silicon.     % 
Sulphur.     % 
Phosphorus. 


0/ 

/o 


/o 


Cast  52368. 

Oast  62308. 

801b. 

1801b. 

750  lb. 

1000  lb. 

250  lb. 

1001b. 

6  1b. 

2ilb. 

014 

018 

0-49 

0-70 

0009 

•  •  • 

0042 

0045 

0037 

0051 

• 

Oast  62368. 

Oast  62808. 

Plate 

No.  27, 

Top 

ofli 

Plate 
No.  29, 
Bottom 

igot. 

Plate           Plate 
No.  31,         No.  86, 
Top           Bottom 

of  Ingot. 

Total  ignited  residue,     ^o 

Iron  oxide  (FeO).     % 
Manganese  oxide  (MnO).     % 
Silica  (SiO,).     %       .          .          . 
Alumina  (A1,0,).         %     . 
Titania  (TiO,).     %    . 
Chromiimi  oxide  (Cr,0,).     % 
Phosphoric  oxide  (P,0,).     %      . 

Total.*     % 

Total  oxvgen.     %. 

(a)  Calculated  from  the  sum  of 

SiO„  FeO,  A1,0,  and  MnO 
(6)  By  the  fractional  method  f   • 
(o)  By  the  direct  total  oxygen 

method    .... 

/0065\ 
10066/ 

0006, 

0014, 

0-015 

0021 

0001 

0002 

0003, 

0079 

0006, 

0027 

0014 

0021 

0-000, 

0001, 

0003 

/0068 
10057 

0007, 

0-022 

0-011 

0006, 

0000, 

0002 

0-006 

0-080 
0-082 

0006, 

0027 

0013 

0-019, 

0001, 

0002 

0007 

0063, 

0023 
0019, 

0-018 

0073, 

0025 
0020 

0019, 

0054, 

0015 
0011 

0010, 

0076, 

0023, 
0021 

0019, 

*  The  oxides  FeO  and  MnO  are  possibly  changed  during  ignition  to  Fe,0, 
and  Mn,04. 

t  Results  by  the  fractional  method  are  given  in  Section  II.,  Part  B  of 
this  Report. 


include  a  number  of  the  results  obtained.  In  many  eases  oxygen 
values  by  the  vacuum  fusion  technique  are  also  recorded,  and  com- 
parison with  the  standard  procedure  is  shown  in  the  results  for 
transformer  steels,  of  which  sample  iL446  gives  good  agreement,  indi- 
cating the  absence  of  hydrolysis  during  filtration,  since  the  modified 
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Table  XXV. — Determination  of  Non-MetaUic  Induaiona  in  TranS' 
former  Sieda  by  the  Alcoholic  Iodine  Meihod. 


OMt 

iSMgnui- 

Analysis  of  materials : 

K44A. 

-  Stalloy." 

Sbeet. 

Sheat. 

Carbon.     %    . 

006 

0-23 

0-037 

0-036 

Manganese.     % 

0-06 

006, 

0-032 

0-06 

Silicon.     %     . 

401 

4-18 

4-08 

4-30 

Sulphur.     %  . 

0026 

0-024 

001 

0-003 

Phosphorus.     % 

0012 

0023 

O-OI 

0-006 

Tin.     % 

0030 

•  •  • 

0-028 

••• 

Sample. 

Total  B«idne. 

810,.      . 

FeO. 

MetbAl. 

X446      . 

American 
Belgian  . 
•*StalIoy"      . 

/0090 

10098 

0-066 

0-026 

0061 

0-042 
0-046 
0038 
0-007 
0004 

0013 
0010 
0-004 
0-003 
0-002 
(TiO, 
0-036,) 

Standard  procedure. 

V 

'  Modified  procedure. 

4 

method  gives  slightly  the  lower  iron  oxide  value.  It  is  neoessary, 
however,  to  carry  out  the  filtration  cold  and  speedily,  t.e.,  in  about 
10-15  min. 


SECTION  VI. — ^The  Aqueous  Iodine  Method. 

Part  A. — Recent  Developments  in  the  Determination  of  Oxide  Indu- 
aiona in  Pig  Iron  by  the  Modified  Aqueoua  Iodine  Methods 

By  E.  TAYI^OR-AUSTIN,  F.I.C.  (British  Cast  Iron  Research 

Association,  Birminoham). 

Synopsis. 

Sinco  the  publication  of  the  original  modified  aqueoua  iodine 
method,  the  wider  application  of  the  procedure  has  led  to  the  intro- 
duction of  certain  modifications.  A  study  of  the  variations  in 
hydrogon-ion  concentration  during  the  decomposition  of  pig  iron 
samples  has  provided  an  explanation  for  the  apparently  anomalous 
behaviour  of  synthetic  manganous  oxide  towards  the  iodine  solvmt 
and  has  also  demonstrated  the  futility  of  carrying  out  experiments 
on  synthetically  prepared  oxides,  sulphides,  &c.,  in  the  absence  of 
iron. 

A  study  has  been  me^o  of  the  behaviour  of  iron  carbide  during 
the  process,  and  it  has  been  shown  that  no  interference  is  set  up 
by  this  compoimd.  The  behaviour  of  titaniiun  carbide  and  man- 
ganese sulphide  has  also  been  examined,  and  there  is  evidence  that 
the  small  traces  of  phosphorus  hitherto  found  in  the  final  non- 
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metallio  residues  is  in  some  way  oonneoted  with  iitanimn  and  not, 
as  was  at  one  time  thought,  wiih.  oalcium  and/or  magnesium. 

The  revised  procedure,  which  has  now  been  successfully  applied 
to  a  series  of  over  forty  pig  irons,  is  described  in  detail. 


In  a  paper  entitled  ''  The  Determination  of  Non-Metallic  Inclu- 
sions in  Pig  and  Cast  Iron  by  a  Modified  Aqueous  Iodine  Method,"  ^ 
the  author  described  a  procedure  upon  which  it  was  hoped  to  build 
a  reliable  method  for  the  determination  of  oxide  inclusions  in  pig 
and  cast  iron.  A  number  of  problems  were,  however,  outstandmg 
at  the  time  of  publication  of  the  original  investigation ;  these  have 
now  been  explained  and  certain  modifications  have  been  made  to 
increase  the  range  of  appUcation  of  the  method  to  cover  all  types 
of  pig  iron  other  than  alloy  varieties.  The  following  procedure 
has  been  successfully  applied  to  a  series  of  more- than  forty  typical 
pig  irons  and  a  selection  of  the  results  obtained  is  compared  with 
those  by  other  methods  in  Table  XXVI. 

Table  XXVI. — Indvsiona  in  Pig  Iron  Determined  by  Various 

Meihoda. 


No. 

Type  of  Iron. 

Bfliidne  AnalTiii  (aa  percentage  of  Metal)  by 
Modlfled  Aqneoos  Iodine  Hetbod. 

Tbtal  Oxygen.    %. 

Tbtal 
Ozidea 

SiO|. 

FeO. 

ICnO. 

A1«0.. 

Oalc 

from 

Beaidae 

AnaljBia. 

By 

Aln- 

miniom 

Bedoc- 

tion. 

Vaaanm 
Fnakm. 

13 
14 
16 
19 
31 
21 

107 

101 
18 
73 
26 
86 

111 
84 
8ft 
56 
23 

103 
88 
79 

Armcoiron 
Swedish  iron 

•Pig  irons     • 

0-350 
0-054 
0-028 
0*028 
0-026 
0-029 
0-017 
0-019 
0-089 
0-043 
0-026 
0-023 
0-046 
0-021 
0-038 
0-040 
0-046 
0-032 
0-081 
0-021 

0-013 
0-009 
0-008 
0-008 
0-006 
0-005 
0-005 
0-008 
0-020 
0-009 
0-008 
0-007 
0-020 
0-006 
0-011 
0-010 
0-012 
0-011 
0-010 
0-006 

0-279 
0-087 
0-010 
0-014 
0-014 
0-016 
0-009 
0-014 
0-014 
0-031 
0-012 
0-012 
0-023 
0-013 
0-023 
0-024 
0-026 
0-017 
0-017 
0-010 

0-018 

Nil 

0-002 

0-001 

Nil 

0-001 

Nil 

Nil 

0-001 

Nil 

0-001 

0-001 

0-001 

Nil 

Nil 

0-001 

0-001 

0-002 

Nil 

Nil 

0-040 
0-008 
0-008 
0-005 
0-006 
0-008 
0-003 
0-002 
0-004 
0-003 
0-004 
0-003 
0-002 
0-008 
0-004 
0-006 
0-008 
0-002 
0-004 
0-006 

0-086 

0-017 

0*015 

0-010 

0-009 

0-010 

0-0063 

0-0063 

0-016 

0-013 

0-0091 

0-0084 

0-021 

0-0074 

0-018 

0*013 

0-016 

0-011 

0-011 

0-0077 

0-085 
0-018 

0-oii 

0-006 

0-007 

0-0050 

0-0047 

0-015 

0-018 

0-0084 

0-010 

0-019 

0-0077 

0-013 

0-011 

0-017 

0-012" 

0-013 

0-0071 

... 

o-oi9 

0-011 
0-005 
0-008 

•  ■• 

•  •• 

•  ■• 

•  •  • 

•  •• 

•  •• 

•  •  • 

•  •  • 

•  •  • 
■  •  ■ 

•  •  • 

•  •• 

•  •• 

Revised  Aqueous  Iodine  Method. 
Reagents. 

lodine/Potassium-Iodide  Solution. — ^Dissolve  30  g.  of  pure  re- 
sublimed  iodine  and  30  g.  of  potassium  iodide  in  a  minimum  quantity 

^  Eighth  Report  on  the  Heterogeneity  of  Steel  Ingots,  pp.  121-138,  Iron 
and  Steel  InHUuU,  1939,  Special  Report  Nb.  25. 


360  P  THIRD  BEPORT  OF  THE 

of  water.  When  solution  is  complete,  filter  and  dilute  to  120  ml. 
This  solution  is  sufficient  to  treat  5  g.  of  iron. 

Sodium  Carbonate-Citrate  Solution. — ^Dissolve  6  g.  of  anhydrous 
sodium  carbonate  and  12  g.  of  sodium  citrate  in  120  ml.  of  water. 

Ammoniu^m  Citrate  Solution, — ^Dissolve  10  g.  of  ammonium 
citrate  in  100  ml.  of  water. 

Peroxide-Citrate  SoltUion. — ^To  170  ml.  of  10%  ammonium 
citrate  solution  add  30  ml.  of  30-volume  hydrogen  peroxide  (stabil- 
ised with  sulphuric  acid). 

Procedure. 

Transfer  120  ml.  of  aqueous  iodine/potassium-iodide  tp  a  300-ml. 
''  carbon  dioxide  **  fiask  fitted  with  a  mechanical  stirrer  and  nitrogen 
tubes.  Immerse  the  fiask  in  cold  running  water  and  stir  for  30  min. 
with  nitrogen  passing  through  the  solution.  At  the  end  of  this 
period,  rapidly  introduce  5  g.  of  sample  in  the  form  of  drillings. 
Continue  to  pass  nitrogen  and  stir  K>r  3  hr.,  keeping  the  fli^k 
immersed  in  running  water  throughout.  Filter  the  solution  through 
a  Whatman  No.  42  filter  paper  (4*25-cm.)  contained  in  a  small 
Biichner  funnel,  applying  gentle  suction,  and  wash  free  from  iodine 
with  5%  potassium  iodide  solution  and  cold  water.  Transfer  the 
paper  and  precipitate  back  to  the  original  fiask,  add  120  ml.  of 
sodium  carbonate-citrate  solution,  place  the  fiask  in  a  water-bath 
at  80°  C.  and  stir  for  30  min.  Filter  the  solution  as  before  and 
wash  well  with  hot  2%  sodium  citrate  and  hot  water.  Place  the 
paper  and  precipitate  in  the  original  fiask,  add  200  ml.  of  peroxide- 
citrate  solution  and  again  stir  for  2  hr.  at  80°  C.  Filter  on  a 
Buchner  funnel  as  previously,  washing  with  hot  2%  ammonium 
citrate  and  water.  Next  stir  the  residue  as  before  \*ith  200  ml. 
of  ammonium  citrate  solution  for  2  hr.  Filter,  wash  with  hot 
dilute  ammonium  citrate  solution  and  water  and  again  stir  with 
citrate  reagent  for  30  min.  Filter  the  solution  and  observe  whether 
or  not  the  filtrate  is  free  from  yellow  coloration.  If  this  is  the 
case,  wash  with  hot  2%  ammonium  citrate  and  hot  water  and 
finally  stir  the  residue  with  120  ml.  of  carbonate-citrate  solution 
for  30  min.  Filter,  wash  as  before,  and  transfer  the  pad  and 
precipitate  to  a  150-ml.  beaker.  If  the  filtrate  is  yellow  in  colour, 
the  residue  should  be  stirred  in  it  for  a  further  30  min.  (making 
one  hour  in  all).  Repeat  the  filtration  and  washing  and  treat  for 
a  further  30  min.  with  citrate  reagent;  again  filter,  and  examine 
the  filtrate.  This  series  of  operations  should  be  repeated  untU  the 
final  filtrate  is  free  from  yellow  coloration.  The  residue  is  finally 
treated  with  carbonate-citrate  solution  as  previously  described.^ 

To  the  residue  in  the  beaker  add  10  ml.  of  concentrated  stdphuric 
acid  and  10  ml.  of  concentrated  nitric  acid  and  heat  gently  until 

^  Note. — For  all  the  pig-iron  samples  so  far  examined,  a  period  of  2  hr. 
with  ammonium  citrate,  after  the  peroxide-citrate  treatment,  has  proved 
sufficient  to  yield  a  colourless  filtrate  on  further  testing. 
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sulphur  trioxide  fumes  are  evolved.  Allow  to  cool  and  add  2  or 
3  ml.  of  fuming  nitric  acid  from  a  spotting  bottle  and  again  evaporate 
to  fiimes.  Repeat  these  additions  of  fuming  nitric  acid  imtil  all 
graphite  and  other  carbonaceous  matter  have  been  removed.  Cool, 
dilute  to  50  ml.,  boil,  and  filter  off  silica  on  a  Whatman  No.  42 
filter  paper;  wash  the  precipitate  with  hot  5%  sulphuric  acid  and 
cold  water.  Ignite  the  silica,  &c.,  in  a  platinum  crucible  and  treat 
it  with  a  few  drops  of  20%  sulphuric  acid ;  heat  to  expel  excess 
sulphuric  acid  and  ignite  to  constant  weight.  This  procedure 
ensures  that  any  elements  forming  stable  sulphates  are  weighed  in 
this  form  after  ignition.  Remove  BiUca  by  volatilisation  with 
hydrofluoric  acid  in  the  presence  of  sulphuric  acid  in  the  usual 
manner. 

Fude  any  residue  remaining  after  the  removal  of  silica  with 
0*5  g.  of  potassium  bisulphate  and  extract  the  melt  in  the  main 
solution. 

The  remainder  of  the  analysis  may  be  outlined  briefly  as 
follows : 

(1)  Iron,  titanium,  vanadium  and  zirconium  (if  present)  are 
precipitated  with  cupferron.  The  residue  is  ignited,  fused  with 
bisulphate  and  the  constituents  detehnined  colorimetricaily. 

(2)  The  excess  cupferron  in  the  filtrate  from  the  above  separa- 
tion is  destroyed  with  sulphuric  and  nitric  acids  and  the  resulting 
solution  used  for  the  determination  of  manganese,  aluminium  and 
phosphorus.  Manganese  is  determined  by  the  periodate,  aluminium 
by  the  aurintricarboxylate,  and  phosphorus  by  the  ammonium- 
molybdate/stannous-chloride  method. 

Nciea  on  the  Revised  Aqueous  Iodine  Method. 

(a)  Throughout  the  development  of  the  above  procedure,  a 
careful  check  was  kept  on  the  impurities  introduced  from  chemicals 
and  glass-ware.  Recent  determinations  of  blank  values  have 
shown  that,  although  further  treatments  have  been  incorporated, 
no  appreciable  increase  has  taken  place.  The  average  total  blank, 
including  ash  from  filter  papers,  is  as  follows  : 

BiO,.  %.     Fe,0,.  %.     A1.0,.  %.     MnO.  %. 
000040     000018     000008       Nil 

(6)  All  analytical  determinations,  with  the  exception  of  that  of 
silica,  are  now  made  colorimetricaily,  a  Lovibond  tintometer  being 
used  for  colour  measurement. 

(c)  Attempts  were  made  to  apply  colorimetric  methods  to  the 
determination  of  silica.  Two  methods  were  examined,  m.,  one 
based  upon  the  yellow  silico-molybdate  colour,  and  the  other  on 
the  blue  colour  obtained  by  reducing  the  latter  compound.  Neither 
procedure  was  foimd  to  be  sufficiently  sensitive  for  the  accurate 
determination  of  the  small  amounts  of  silica  present  in  non-metallic 
residues. 
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Development  of  the  Revised  Procedure, 

The  original  modified  aqueous  iodine  procedure  ^  3-ielded  results 
for  total  oxygen  which  were,  generally  speakmgy  in  good  agree- 
ment with  those  obtained  by  the  vacuum  fusion  method  on  the 
same  materials.  There  were,  however,  as  indicated  at  the  time, 
problems  which  called  for  further  investigation.  Some  preliminary 
work  on  the  behaviour  of  manganous  oxide  was  also  reported 
previously,  and  it  was  stated  that  reliable  results  for  this  oxide 
(;ould  be  obtained  by  the  procedure  if  the  washing  of  the  residue 
with  ammonium  citrate  solution  were  omitted,  since  this  latter 
reagent  appeared  to  dissolve  manganous  oxide.  Subsequent  work 
showed  this  statement  to  be  erroneous,  since,  whilst  synthetically 
prepared  manganous  oxide  is  but  slightly  soluble  in  aqueous  iodine/ 
potassium-iodide,  it  is  readily  dissolved  by  this  solution  in  the 
presence  of  iron. 

The  Behaviour  of  Manganous  Oxide. — ^A  recent  study  of  the 
variations  in  hydrogen-ion  concentration  during  the  decomposition 
of  iron  by  aqueous  iodine/potassium-iodide  revealed  the  fact  that 
on  adding  the  iron  to  the  iodine  solution,  which  has  an  initial  pH. 
value  of  6*1,  the  temperature  rises  very  rapidly,  in  spite  cf  water- 
cooling,  and  the  ^H  value  falls  equally  rapidly  to  about  1-0;  the 
actual  fall  varies  slightly  with  the  particular  type  of  iron  con- 
cerned. Thus,  the  acidity  of  the  solution  approaches  that  of  N/IO 
acid  about  16  min.  after  adding  the  iron  sample.  These  experi- 
ments have  provided  an  explanation  for  the  apparent  differences 
in  the  behaviour  of  synthetic  manganous  oxide  to  which  reference 
has  already  been  made.^  It  has  been  stated  by  Klinger  and  Koch  * 
that  manganous  oxide  is  soluble  in  solutions  having  a  ^H  value 
below  5-0,  so  that  it  is  to  be  expected  that  it  will  readily  dissolve 
in  the  aqueous  iodine  solution  if  iron  is  present.  This  was  con- 
firmed by  experiments  using  synthetically  prepared  manganous 
oxide.  It  was  also  shown  that  the  oxide  is  completely  soluble  in 
hot  ammonium  citrate  solution.  Attempts  to  bring  about  the 
decomposition  of  the  iron  in  iodine  solutions  of  controlled  ^^H 
value  (5  0-6-0)  have  so  far  failed  owing  to  hydrolysis  of  the  iron ; 
if  citrates  or  tartrates  are  added  to  avoid  the  latter,  manganous 
oxide  18  dissolved.  The  conclusion  has  therefore  been  reached  that 
the  aqueous  iodine  method  does  not  yield  results  for  manganous 
oxide,  existing  as  such,  but  from  a  consideration  of  the  chemical 
properties  of  manganese  silicate,  the  author  is  of  the  opinion  that, 
if  it  exists  combined  with  silica  in  this  form,  it  remains  in  the  final 
non-metallic  residue.  Thus,  the  small  amounts  of  manganese  oxide 
found  in  pig-iron  residues  appear  to  have  existed  originally  as 
silicate. 

*  Eighth  Report  on  the  Heterogeneity  of  Steel  Ingots,  pp.  121-138,  Iron 
ajid  Steel  Institute,  1939.  Special  Report  No.  25. 

*  Klingor  and  Koch,  Teohnieehe  MiiteUungen  Krupp,  Forschungiberiehte, 
1938,  No.  3.  May,  pp.  49-66. 
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The  study  of  variations  in  pB.  values  cuad  in  temperature  sug- 
gests, that  the  decomposition  of  the  iron  by  the  iodine  solution  is 
complete  in  a  comparatively  short  time  (1&-20  min.)  and  that  the 
additional  time  required  to  obtain  a  residue  suitable  for  further 
treatment  is  occupied  by  the  conversion  of  iron  phosphide  to 
phosphate. 

T?ie  Behaviour  of  Manganese  Sulphide, — Experiments  carried 
out  with  synthetically  prepared  samples  of  manganese  sulphide, 
along  similar  lines  to  those  used  in  examining  the  behaviour  of 
manganous  oxide,  showed  that  the  sulphide  is  not  completely 
decomposed  by  aqueoi:(s  iodine  in  the  presence  of  iron;  approxi- 
mately 90%  passes  into  solution.  It  is,  however,  completely 
soluble  in  hot  ammonium  citrate  solution,  so  thsLt  it  is  concluded 
that  manganese  sulphide  causes  no  interference  in  the  modified 
process. 

It  appears  probable,  in  the  Ught  of  this  recent  work,  that  the 
manganese  obtained  in  the  residues  referred  to  above  when  omitting 
the  citrate  treatment  was  due,  not  to  oxide,  but  to  small  amounts 
of  undecomposed  sulphide.  ^ 

The  Behaviour  of  Iron  Carbide. — ^A  few  years  ago,  Bihet  and 
Willems  ^  extracted  iron  carbide  from  a  sample  of  Swedish  white 
iron  and  examined  its  solubihty  in  a  variety  of  solvents;  they 
reported  that  the  carbide  is  most  soluble  in  cuprous  ammonium 
chloride,  less  soluble  in  alcohoUc  iodine,  and  leastNsoluble  in  aqueous 
iodine  solutions. 

More  recently,  Bramley,  Maddocks  and  Tateson '  suggested 
that  the  iron  carbide  present  in  steel  specimens  containing  more 
than  0*6%  of  carbon  causes  serious  inteiference'when  the  alcoholic 
iodine  method  is  employed  to  separate  the  non-metallic  residue 
from  such  materials. 

It  appeared  probable,  therefore,  that  the  aqueous  iodine  method 
would  be  subject  to  such  interference  from  iron  carbide,  especially 
in  view  of  the  work  of  Bihet  and  Willems.  The  preliminary  work 
on  samples  of  grey  iron  gave  no  indication  that  such  inteiferenee 
was  occurring,  but  the  problem  was  investigated  by  an  examination 
of  synthetically  prepared  white  irons  having  a  combined  carbon 
content  of  3*2%  and  a  silicon  content  of  2%.  Silicon  was  added 
in  order  to  reduce  the  amount  of  ferrous  oxide  in  the  material. 

When  this  material  was  examined  by  the  standard  procedure, 
it  was  found  that  the  initial  residues  contained  unusually  large 
amounts  of  iron  and,  moreover,  consistent  results  could  not  be 
obtained.  After  the  apphcation  of  the  ammonium  citrate  treat- 
ment, however,  the  amounts  of  iron  found  were  consistent  and  of 
a  much  lower  order  than  previously.    It  was  therefore  concluded 

^  Bihet  and  WiUems,  Archiv  Jar  cUu  EisenhiUUnweaen,  1937,  vol.  11, 
Sept.,  pp.  125-130. 

*  Bramley,  Mcuidocks  and  Tateson,  Eighth  Report  on  the  Heterogeneity 
of  Steel  Ingots,  pp.  11-26,  Iron  and  SUel  Institute,  1939,  Special  Report  No.  25. 
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that  iron  carbide  causes  no  interference  in  the  modified  aqueous 
iodine  process.  '' 

From  the  results  obtained  on  these  synthetic  white  irons  it 
would  appear  that  iron  carbide  is  only  partially  decomposed  during 
the  initial  attack  with  aqueous  iodine  but  that  the  small  amount 
remaining  is  completely  removed  by  treatment  with  hot  ammonium 
citrate  solution. 

0 

The  Behaviour  of  Iron  Oxide. — ^The  general  results  obtained  by 
the  original  procedure  suggested  that,  in  spite  of  the  acidity  of  the 
final  iodine  solution,  oxides  other  than  that  of  manganese  and 
silicates  are  unattacked.  This  is  to  be  expected  from  the  known 
chemical  properties  of  such  oxides  as  those  of  silicon  and  aluminium, 
although  the  behaviour  of  iron  oxide  is  less  certain. 

In  the  original  work  the  procedure  developed  was  applied  to  a 
very  limited  number  of  irons,  and  when  in  subsequent  tests  this 
range  was  greatly  extended  it  was  found  that,  in  certain  cases, 
abnormally  high  figures  were  recorded  for  iron  oxide;  in  these 
cases  it  was  observed  that  a  second  treatment  with  ammoniunu 
citrate  jdelded  a  filtrate  which  was  still  yellow  in  colour.  It  was 
subsequently  found  that  if  citrate  treatments  were  appUed  until  a 
colourless  filtrate  was  obtained,  consistent  figures  for  iron  oxide, 
of  a  much  lower  order  than  previously,  were  obtained*  This  modi- 
fication was  therefore  incorporated  in  the  new  standard  procedure. 
The  application  of  this  latter  method  to  a  series  of  over  forty  irons 
has  given  evidence  that  ferrous  oxide  is  not  appreciably  attacked 
during  the  decomposition  of  the  material  by  aqueous  iodine/ 
potassium-iodide.  The  total  oxygen  results  calculated  from  the 
aqueous  iodine  figures  are  ir^ood  agreement  with  those  obtained 
directly  by  other  methods,  particularly  the  modified  aluminium 
reduction  procedure,  to  which  reference  is  made  elsewhere  (Section 
III.,  Part  C). 

The  Determination  of  Silica. — ^The  application  of  the  original 
procedure  to  a  wider  variety  of  materials  revealed  the  fact  that  in 
certain  cases  the  recommended  treatment  with  sodium  carbonate- 
citrate  solution  failed  to  remove  the  whole  of  the  silicic  acid  present. 
Evidence  of  this  was  provided  by  the  fact  that  the  oxygen  equivalent 
of  the  recorded  silica  percentage  was  in  excess  of  the  total  oxygen 
given  by  the  modified  aluminium  reduction  process.  It  was  found 
necessary  to  repeat  the  carbonate-citrate  treatment  after  the 
appUcation  of  the  other  treatments.  When  this  was  done  no 
further  trouble  was  experienced,  and  this  procedure  was  also 
adopted  as  standard.  It  was  also  found  that  the  results  for  siUca 
were  improved  by  substituting  wet  oxidation  for  ignition  as  a 
means  for  removing  carbon,  &c. 

The  Behaviour  of  Titanium. — From  the  commencement  of  the 
work  on  the  aqueous  iodine  method  it  was  observed  that  the  whole 
of  the  titanium  present  in  the  iron  remains  in  the  final  non-metallic 
residue. 
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Recent  results  have  indicated  that  the  amounts  of  oxide  inclu- 
sions in  pig  iron  are  of  a  much  lower  order  than  was  at  first  assumed. 
Further,  none  of  the  treatments  so  far  devised  had  had  the  slightest 
efPect  upon  the  titanium  content  of  residues,  and  analysis  was 
therefore  being  carried  out  in  the  presence  of  comparatively  large 
amounts  of  this  element.  It  occurred  to  the  author  that  this 
titanium  might  be  removed  from  unignited  residues  by  treatment 
with  hydrogen  peroxide. 

Preliminary  tests  showed  that  titanium  carbide  was  soluble 
in  ammonium  citrate  solutions  containing  hydrogen  peroxide,  but 
experiments  with  neutralised  hydrogen  peroxide  alone  failed 
owing  to  hydrolysis  of  the  titanium. 

Accordmgly  hydrogen  peroxide  was  added  to  the  ammonium 
citrate  solution  used  for  treatments,  and  it  was  foimd  that  in 
most  cases  this  removed  the  whole  of  the  titanium  from  the  residue 
without  appreciable  influence  on  the  oxides  present.  In  a  few 
cases,  viz,,  those  of  irons  containing  0*3%  or  more  of  titanium,  a 
trace  (0'01%)  remained  in  the  final  residue,  but  was  insufficient 
to  complicate  the  analysis.  Further,  this  application  of  peroxide- 
citrate  solution  instead  of  citrate  alone  halved  the  time  required 
.for  the  decomposition  of  iron  carbide.  This  change  was  therefore 
made  in  the  standard  procedure. 

The  Behaviour  of  Phosphorus, — In  the  original  work  it  was 
shown  that,  whilst  iron  phosphide  is  relatively  insoluble  in  ammonium 
citrate  solution,  iron  phosphate  is  soluble  under  the  conditions  laid 
down  in  the  standaM  procedure.  It  was  also  observed  that  in 
spite  of  this  sohibility  of  the  phosphate  in  the  reagent,  it  was 
impossible  to  remove  every  trace  of  phosphorus  from  the  residues, 
even  by  very  prolonged  treatment  with  hot  citrate  solution;  the 
amount  remaining  was  equivalent  to  about  0-01%  of  P2O5. 

In  the  more  recent  work  it  was  found  that  when  treatments 
were  carried  out  with  citrate  solutions  containing  hydrogen  per- 
oxide, not  only  was  titanium  removed  from  the  residue  but  the 
small  traces  of  phosphorus  hitherto  found  also  disappeared.  In 
every  case  where  the  titanium  content  of  the  residue  was  nil, 
phosphorus  could  not  be  detected  by  the  sensitive  colorimetric 
method  emnloyed. 

It  would  therefore  appear  that  this  final  trace  of  phosphorus  is 
in  some  way  connected  with  titanium,  and  is  not  combined  with 
calcium  and  magnesium  as  was  originally  suggested.  In  this  con- 
nection it  is  noteworthy  that  the  results  of  all  tests  so  far  made  for 
calcium  and  magnesium  have  been  negative  in  character  in  spite 
of  improved  analytical  technique. 

Conclusions. 

From  the  work  carried  out  since  the  publication  of  the  original 
aqueous  iodine  method  the  following  conclusions  may  be  drawn  : 
(1)  The   solution   of  manganous   oxide,   as   such,   during   the 
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decomposition  of  samples  by  aqueous  iodine/potassium-iodide  can- 
not be  prevented,  and  hence  results  for  this  oxide  cannot  be  obtained 
at  present. 

(2)  Iron  carbide,  iron  phosphide,  manganese  sulphide  and 
titanium  carbide  cause  no  interference  in  the  new  procedure. 

(3)  The  modifications  introduced  surmount  the  difficulties  which 
had  arisen  durifig  the  more  general  application  of  the  method 
originally  suggested. 

(4)  The  present  procedure  has  been  successfully  applied  to  a 
series  of  forty-five  different  types  of  pig  iron  without  further  com- 
plications ;  it  is  therefore  believed  that  the  process  may  be  employed 
for  the  determination  of  oxide  inclusions  in  all  types  of  pig  iron, 
excluding  alloy  irons,  and  that  results  for  SiOg,  FeO,  MnO  (existing 
as  manganese  silicate)  and  AlgOg  are  reliable. 


Part  B. — The  Present  Position  of  the  DeUrmincUion  of  Oxide  In* 

dusiona  in  Pig  Iron  and  Cast  Iron?' 

By  J.  G.  PEARCE,  M.So.,  F.Inst.P.,  M.I.Mboh.E.,  M.I.E.E.  (British    • 
Cast  Ibok  Keseabch  Association,  BiRMiNOHAir). 

Synopsis. 

The  progress  of  the  estimation  of  oxides  in  pig  iron  and  cast  iron  , 
by  chemical  methods  is  indicated,  with  reasons  for  the  adoption  of 
the  aqueous  iodine  emd  aluminium  reduction  methods.  The  range 
of  oxides  in  forty-five  representative  British  pig  irons  is  given. 
Reference  is  made  to  the  disparities  between  chemical  evidence  and 
microscopic  evidence  of  oxide  inclusions,  and  it  is  suggested  that  the 
contradictions  are  more  apparent  than  real. 


Inclusions  in  cast  iron  and  pig  iron  are  of  as  much  interest  metal- 
lurgically  as  are  those  in  steels,  but  not  entirely  for  the  same  reasons. 
Present  consideration  is  confined  to  solid  and  to  inherent,  as  distinct 
from  foreign,  particles,  although  a  sharp  distinction  between  them 
is  difficult  to  draw. 

Knowledge  of  the  amount,  nature,  size  and  mode  of  distribution 
of  these  particles  may  throw  light  on  many  still  obscure  points, 
fpremost  among  which  is  whether  small  particles  of  silica  or  alumina 
or  complexes  into  which  they  enter  are  in  any  way  associated  with 
the  precipitation  of  graphite,  and  some  investigators  have  not 
hesitated  to  postulate  the  nucleating  effect  of  sub-microscopic 
particles  of  iron  silicate.  Furthermore,  it  is  necessary  to  find  out 
whether  they  offer  any  explanation  of  other  points,  such  as  the  so- 
called  hereditary  properties  of  pig  iron  (persistence  of  properties 
through  subsequent  remelting),  and  the  difference  between  hot-  and 

*  Received  February  10,  1041. 
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cold-blast  or  between  coke  afid  charcoal  pig  irons.  Do  they  throw 
any  light  on  why  pig  irons  of  different  origins  but  similar  chemical 
analyses  behave  differently  in  practice  during  the  manufacture  of 
cast  or  wrought  steel  or  iron  ?  Do  they  change  as  between  ordinary 
and  desulphurised  pig  irons,  between  pig  irons  and  their  remelted 
forms,  re&ied  pig  irons  and  cast  steels  and  irons,  or  between  coarse- 
graphite  and  supercooled-graphite  irons?  Does  superheating  or 
agitating  the  melt  have  any  influence  on  them?  Whether  such 
piarticles  ultimately  prove  to  have  any  such  effects  or  not,  it  is 
necessary  to  And  out,  so  that  unprofitable  speculation  may  bo  avoided. 
When  the  British  Cast  Iron  Research  Association  began  to  study 
this  subject  in  conjunction  with  the  Oxygen  Sub-Committee,  the 
alcoholic  iodine  method  was  naturally  adopted,  as  it  permits 
the  quantity  of  the  individual  oxides  to  be  determined,  although  the 
vacuum  fusion  method  is  now  acknowledged  as  unrivalled  for  the 
determination  of  total  oxygen.  No  special  difficulty  was  anticipated, 
but  after  exhaustive  trial  the  alcoholic  iodine  method  was  abandoned 
for  pig  and  cast  irons  on  account  of  interference  set  up  by  phosphorus 
(i,e,,  the  phosphide  compound  is  only  partially  attacked  by  the 
solvent  and  hence  some  is  left  in  the  residue),  as  described  in  the 
Second  Report.^  The  chlorine  method  was  then  tried  and  also 
abandoned  for  pig  and  cast  irons,  this  time  on  account  of  interference 
set  up  by  manganese.^  The  older  acid  methods  were  re-examined, 
but  work  with  both  strong  and  dilute  acids  indicated  that  these 

Procedures  have  a  very  limited  application  to  pig  and  cast  iron. 
7ith  dilute  acids,  solution  of  the  metal  occupies  considerable  time, 
and  such  large  amounts  of  silicic  acid  separate,  that  filtration  of  the 
final  residue  is  very  difficult ;  with  strong  acids,  the  silica  results  are 
considerably  lower  than  those  given  by  aqueous  iodine,  and  it  would 
therefore  appear  that  these  solvents  decompose  some  of  the  silicates 
present  in  the  residue.  Results  for  alumina  are  in  good  agreement 
with  those  by  aqueous  iodine.  It  was  therefore  concluded  that,  as 
far  as  pig  and  cast  iron  are  concerned,  only  alumina  figures  are 
obtainable  from  acid  methods,  which  therefore  have  only  a  limited 
application  to  these  materials. 

A  method  based  on  the  use  of  aqueous  iodine  as  a  solvent. was 
then  evolved  and  adopted,  and  was  described  in  the  Second  Report  • 
"  as  the  foundation  of  a  reliable  method,  although  various  problems 
remained  to  be  solved.  In  the  meantime,  the  publication  in  the 
same  Report  of  the  aluminium  reduction  method  by  Gray  and 
Sanders  *  led  to  the  trial  of  this  in  order  to  provide  a  total-oxygen 

*  Taylor- Austin,  Second  Report  of  the  Oxygen  Sub-Committee,  Iron  and 
Steel  InatituU,  1939.  Special  Report  No.  25,  p.  159. 

*  Colbeck,  Craven  and  Murray,  Second  Report  of  the  Oxygen  Sub- Com- 
mittee, Iron  and  Steel  Institute,  1939,  Special  Report  No.  25,  p.  109. 

*  Taylor-Austin,  Second  Report  of  the  Oxygen  Sub-Committee,  Iron  and 
Steel  Institute,  1939,  Special  Report  No.  25,  p.  121. 

*  Gray  and  Sanders,  Second  Report  of  the  Oxygen  Sub-Committee,  Iron 
and  Steel  InstituU,  1939,  Special  Report  No.  25,  p.  103. 
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check  on  the  aqueous  iodine  by  a  ihethod  less  expensive  than 
vacuum  fusion.  Very  little  adaptation  was  needed,  and  the  aqueous 
iodine  and  aluminium  reduction  methods  as  now  used  for  pig  and 
cast  iron  are  described  in  the  present  Report,^  with  some  results  fix>m 
both  methods,  and  from  vacuum  fusion  where  these  figures  are 
available.  The  accord  is  very  satisfactory,  and  it  is  felt  that  the  two 
methods  are  now  in  reasonably  final  form. 

The  acquisition  of  the  necessary  technique  enabled  the  methods 
to  be  applied  to  the  examination  of  a  series  of  representative  British 
pig  irons,  of  which  thirty,  supplied  by  the  Blast-Fuma.ce  Committee 
of  the  British  Iron  and  Steel  Federation,  were  on  the  1940  programme. 
To  date,  about  45  have  been  examined  by  both  methods,  although 
the  analysis  of  the  results  is  not  yet  complete.  Furthermore,  very 
b'ttle  has  been  done  on  cast  irons.  The  preliminary  figures  indicate 
the  following  ranges  for  the  various  oxides  in  the  above  pig  irons  : 


Silica  (SiO,)      . 
Ferrous  oxide  (FeO) 
Manganous  oxide  (MnO) 
Alumina  (A1|0,) 
Total  oxiaes 
Total  oxygen    . 


0003-0020% 

0009-0046% 
Nil-0002% 

Nil-0008% 

001 7-0060% 
0005-0020% 


The  oxides  as  a  whole  are  similar  to  those  found  in  steel,  but  not 
necessarily  of  the  same  order.  It  must  not  be  assumed  that  they 
are  present  as  simple  oxides.  They  are  expressed  in  this  form 
because  the  residue  representing  inclusions  separated  from  the  metal 
has  to  be  ignited  or  subjected  to  chemical  oxidation  to  get  rid  of 
graphite.  They  are  almost  certainly  present  in  a  more  complex 
form,  and  thermodynamic  considerations  suggest  that  inclusions  to 
be  expected  in  pig  and  cast  iron,  apart  from  sulphides,  are  alumina, 
silicates  of  iron  and  manganese  and,  under  certain  conditions,  free 
FeO,  MnO  or  SiOg.  The  calculation  of  the  FeO  and  MnO  content 
of  the  residue  to  silicates,  allowing  for  the  FeO  in  solution,  checks 
well  with  the  determined  values  of  Si02  in  the  residue,  but  this  is 
based  on  equilibrium  conditions. 

As  the  work  on  chemical  methods  progressed  two  points  became 
evident.  First,  the  amount  of  inclusions  present  proved  to  be  veiy 
small,  compared,  for  example,  with  the  sulphides  present.     (Sul- 

E hides  are  decomposed  in  the  modified  aqueous  iodine  procedure  and 
ence  do  not  appear  in  the  final  residue.  Sulphur  is  determined  by 
direct  chemical  analysis,  although  this  does  not  show  any  division 
between  iron  and  manganese.  Sulphides  as  such  can  be  separated 
from  iron  by  electrolytic  methods,  although  little  work  has  so  far 
been  done  on  such  methods.  But  it  may  be  noted  that  just  as 
efforts  can  be  made  microscopically  to  see  what  is  determined  by 
chemical  methods,  so,  chemically,  efforts  can  be  made  to  separate 
what  is  visible  microscopically  and  quantitative  figures  obtained.) 

*  Taylor-Austin,  this  Report,  Section  III.,  Part  C,  and  Section  VI., 
Part  A. 
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Indeed,  the  oxide  incliisionfi  in  pig  iron  appear  to  be  less  than  are 
found  in  many  steels,  and  form  a  slender  oasis  on  which  to  erect  a 
superstructure  of  theory.  Secondly,  there  appeared  to  be  a  lack  of 
relation  between  inclusions  chemically  determined  and  those  visible 
microscopically. 

The  laboratories  of  the  British  Oast  Iron  Research  Association 
have  examined  many  thousands  of  samples  of  pig  and  cast  iron  in 
all  their  forms,  and  the  author  initiated  a  more  systematic  examina- 
tion from  the  point  of  view  of  inclusions,  primarily  to  see  whether  any 
light  would  be  thrown  on  the  way  in  which  the  chemically  determined 
oxides  were  actually  present.  The  results  of  this  examination  are 
now  available,^  and,  even  acknowledging  that  the  microscope  can 
give  no  evidence  of  particles  in  solution  or  of  submicroscopic  size, 
the  results  are  startling. 

Apart  fix>m  sulphides,  the  inclusions  visible  in  pig  and  cast  iron 
are  due  to  titanium,  and  these  are  so  common  that  their  presence 
must  be  regarded  as  normal.  Incidentally,  experience  does  not 
suggest  that  inclusions  microscopically  visible  in  pig  iron  differ 
materially  in  quantity  or  type  fix>m  those  in  cast  iron.  Most  strikii|;ig 
of  aU,  however,  is  the  cornplete  absence  of  any  microscopic  evidence 
of  the  presence  in  ordinary  commercial  materials  of  oxides  or  silicates 
of  iron,  manganese  or  aluminiiun. 

Various  suggestions  can  be  put  forward  to  assist  in  resolving  the 
appeurent  contradiction  between  the  chemical  and  microscopic 
methods  of  approach,  but  the  author  does  not  propose  at  present  to 
go  beyond  recording  his  conviction  that  the  results  obtained  by 
both  methods,  as  far  as  they  go,  are  correct,  and  that  the  resolution 
of  the  contradiclAon  is  facilitated  by  a  clear  statement  and  is  bound 
to  lead  to  further  advance.  The  work  is  being  continued  from  both 
aspects. 

That  the  contradiction  is  more  apparent  than  real  is  shown  by 
the  fact  that,  excluding  sulphides  for  the  reason  mentioned  above, 
the  principal  visible  inclusions  are  those  of  titanixim.  Omitting  the 
latest  treatment  in  the  aqueous  iodine  method,  these  can  be  fre- 
quently found  in  the  chemical  residue  as  TiOg,  but  as  there  is  ground 
for  belief  that  they  are  actually  present  in  the  metal  as  carbide  or 
cyano-nitride,  they  are  not  considered  among  the  oxide  inclusions 
mentioned  above.  The  absence  of  the  oxide  as  such  is  supported 
by  chemical  evidence.  Chromium  occasionally  appears  as  Grjd^  in 
the  residue,  but  the  inclusions  in  alloy  pig  and  cast  irons  have  nOt 
yet  been  dealt  with.  So  far  as  FeO,  SiO^,  MnO  and  AlgOg  are 
concerned,  the  form  in  which  they  exist  may  well  prove  too  small 
in  quantity  for  microscopic  identification. 

The  problem  of  nomenclature  has  been  dealt  with  (Morrogh, 
toe.  cit,).  The  use  of  the  terms  *'  metallic  '*  and  "  non-metallic  " 
can  only  be  defended  by  special  interpretations  of  them.     Certain 

^  Morrogh,  **  The  Metallography  of  Inclusions  in  Cast  Irons  and  Pig  Irons,** 
Journal  of  Uie  Iron  and  Steel  InatitiUe,  1941,  No.  I.,  p.  207  p  (this  volume) . 
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constituents  of  the  metal  other  than  ferrite,  pearlite  and  cementite, 
particularly  graphite  and  phosphide,  are  non-metallic,  while  certain 
carbides,  e.g,^  titaniiun  carbide,  iiaay  partake  of  the  nature  of 
inclusions.  It  is  also  desirable  to  distinguish  between  inherent 
inclusions  and  foreign  inclusions  due  to  the  pick-up  of  material  firom 
furnace  linings,  sWs  or  mould  material,  heterogeneous  in  their 
'  distribution  and  influenced  by  operating  technique.  As  there  are 
likely  to  be  similarities  between  them,  the  foreign  inclusions  of  one 
melt  may  become  the  inherent  inclusions  of  subsequent  melts. 

As  far  as  pig-iron  samples  are  concerned,  an  adequate  number  are 
available  for  further  work,  but  samples  would  be  appreciated  of  both 
pig  irons  and  cast  or  wrought  material  made  therefirom  where 
unexpected  behaviour  has  been  encountered  in  practice,  apparently 
due  to  the  raw  materials  used,  and  not  explained  by  chemiccd  analysis 
or  other  factors. 


SECTION  VII. — ^Thb  Hydbogen  Reduction  Method. ^ 

Submitted  by  W.  W.  STEVENSON,  A.I.C.  (Stocksbbidob,  nsab 

Sheitisld). 

Exfebimental  work  has  been  proceeding  at  Stocksbridge  on  the 
suitabiUty  of  the  hydrogen  reduction  method  for  determining  that 
part  of  the  oxygen  content  of  steel  which  corresponds  to  the  low- 
temperature  fraction  of  the  fractional  vacuum  fusion  method. 

A  number  of  re&actory  materials  has  been  employed  for  the 
furnace  tube — ^translucent  silica,  porcelain,  fused  alumina,  &c. — 
without  obtaining  a  8uj£ciently  low  blank  value  to  render  the  pro- 
cedure scientifically  attractive.  For  example,  at  950®  C.  trans- 
lucent silica  gives  a  blank  value  of  the  order  of  00004  g.  of  water 
vapour  per  hr.  in  contact  with  hydrogen,  passed  at  2  litres  per  hr. 
at  atmospheric  pressure.    This  value  is  far  too  high  to  permit  of 

E lacing  any  reliance  on  oxygen  results  obtained  on  samples  of  steel 
y  this  method.  It  has  recently  been  stated,  in  committee,  that 
transparent  silica  is  far  more  stable  towards  reduction  by  hydrogen 
than  any  of  the  refractory  tubes  on  which  experiments  have  yet  been 
made  in  this  connection. 

It  is  therefore  planned  to  continue  the  work  on  transparent  silica, 
the  results  of  which  will  be  communicated  later,  together  with  the 
negative  results  already  obtained. 

^  A  communication  from  The  Unit^  Steel  Companies,  Ltd.,  Central 
Research  Department,  Stocksbridge,  near  Sheffield,  received  February  10, 
1941. 
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SECTION  VIII. — ^Thb    Analysis    of   Non-Metallio   Residues 
Extracted  by  the  Alcoholic  Iodine  Method.^ 

By  G.  E.  SPEIGHT,  B.Sc,  A.I.C.  (STOCKSBBrooE,  neab  Sheitield). 

Synopsis. 

The  improvements  in  the  analysis  of  non-metallic  residues 
effected  since  the  publication  of  the  Second  Report  of  the  Ozysen 
Sub-Committee  are  given,  and  the  progress  towards  compfete 
colorimetric  determination  is  indicated.  Details  of  a  oolorimetric 
method  for  small  quantities  of  alumina  and  a  brief  outline  of  the 
present  complete  scheme  of  analysis  of  non-metallic  residues  are 
given. 


In  the  Eighth  Report  on  the  Heterogeneity  of  Steel  Ingots 
comprehensive  details  of  the  analysis  of  extracted  non-metallic 
residues  are  given.  These  methods  include  alternative  procedures 
for  both  colorimetric  and-  gravimetric  determinations  of  the 
major  pckrt  of  the  constituents  in  the  ignited  residue.  Since  the 
publication  of  that  Report,  progress  in  analysis  has  been  towards 
the  almost  complete  adoption  of  colorimetric  methods,  using  for  the 
comparison  one  of  several  well-known  instruments,  aif^ongst  which 
are  the  Pulfrich  photometer  used  by  the  Central  Research  Depart- 
ment (United  Steel  Companies,  Ltd.)  and  Sheffield  University,  the 
Lovibond  tintometer  used  by  the  British  Cast  Iron  Research  Asso- 
ciation, and  the  Bausch  and  Lomb  colorimeter  used  by  the  National 
Physical  Laboratory. 

The  colorimetric  method  for  the  determination  of  small  concen- 
trations of  elements  in  solution  is  one  of  the  most  accurate  and 
easily  c(5nducted  processes  in  analytical  chemistry,  and  satisfactory 
colour  measurements  are  available  for  all  the  constituents  with  the 
exception  of  silica.  Attempts  have  been  msrde  to  apply  colorimetric 
measurement  in  this  instance ;  two  well-known  methods,  one  based 
on  the  yellow  colour  of  silico-molybdate  and  the  other  on  the  blue 
colour  of  the  reduced  compound,  were  not  found  sufficiently  sensitive 
for  the  small  amounts  of  siMca  occurring  in  the  extracted  non- 
metaUic  residues.  This  oxide  is  still  determined  gravimetrically  by 
the  loss  in  weight  after  treatment  with  hydrofluoric  and  sulphuric 
acids  of  the  silica  precipitate  obtained  by  decomposition  of  the 
ignited  residue  with  strong  acids  or  potassium  or  sodium  bisulphate 
fusion. 

Colorimetric  DetermincUion  of  Alumina, 

The  colorimetric  determination  of  alumina  is  the  least  satis- 
factory of  the  tests  for  the  remaining  oxides.    The  method,  which 

^  A  conununication  from  The  United  Stoel  Companies,  Ltd.,  Central 
Research  Department,  Stocksbridge,  near  Sheffield,  received  Febmeuy  10, 
1941. 
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is  based  on  the  colour  reaction  with  aurintricarboxylate,  is  subject 
to  interference  by  other  elements,  and  slight  variations  in  the  coh- 
ditions  of  the  solution  cause  rapid  coagulation  of  the  lake  and  appar- 
ent fading  of  the  coloured  solution.  The  procedure  has  been  modi- 
fied by  Sheffield  University  to  enable  measurement  by  the  Pulfrioh 
photometer,  and  an  account  of  the  method  is  given  below. 

After  reviewing  the  literature  dealing  with  this  method,  certain 
modifications  mentioned  by  Lampitt  and  Sylvester  ^  were  investi- 
gated and  found  to  ensure  greater  uniformity  of  residts.  These 
modifications  were  : 

(a)  The  additioa  of  glycerin  to  increase  the  stability  of  the 
lake. 

(b)  The  heating  of  the  solution  on  a  water-bath  during  the 
formation  of  the  lake. 

(c)  The  thorough  cooling  of  the  solution  before  the  ad- 
dition of  the  ammonia/ammonium-carbonate  solution. 

The  effect  of  the  addition  of  glycerin  on  the  depth  of  the  colour 
of  the  resulting  lake  is  shown  in  Fig.  8,  which  also  gives  some  idea  of 
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Fio.  8.— The  Effect  of  Glycerin  on  the  Depth  of  Colour  of  the  Aluminium 

Lake  with  Ammonium  Aurintricarboxylate. 


the  rate  of  fading  of  the  aluminium  lake  over  a  period  of  approxi- 
mately 3  hr.  The  concentration  of  aluminium  in  each  of  these 
tests  was  the  same  (O'l  mg.  of  AI2O3  per  100  ml.),  the  only  differ- 
ence between  the  two  being  that  for  the  upper  curve  no  glycerin 
was  added  to  the  solution^whilst  for  the  lower  one  20  c.c.  of  a  50% 
solution  of  glycerin  were  added  to  the  solution  before  the  addition  of 
the  "  aluminon  **  reagent. 

The  method  finally  adopted  for  the  determination  is  described 

1  Analyst,  1932,  vol.  67,  p.  418. 
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l)elow,  together  with  the  strengths  of  the  various  solutions  required. 
It  should  be  pointed  out  that,  whilst  it  is  still  necessary  to  standardise 
the  conditions  closely  and  to  ensure  that  aU  the  reagent  solutions  are 
made  up  as  accurately  as  possible,  it  is  no  longer  necessary  to  pre- 
pare a  set  of  standards  each  time  a  determination  is  carried  out, 
which  economises  both  time  and  abo  the  quantity  of  reagent  used. 
It  is  essential,  however,  to  test  thoroughly  each  different  supply  of 
"  aluminon  '*  reagent,  as  variations  in  lake-formation  capacity  have 
been  observed. 

The  Solviiona  Required. 

The  following  are  the  solutions  necessary  for  the  method  : 

Hydrochhric  cbcid 10%  solution. 

Ammonium  acekUe   .         .         .         .         .25%  solution. 
Olycerin         , 50%  solution. 

"  Alumirkon  "  reagent. — 0-1  g.  of  **  aluminon  '*  ia  dissolved 
in  water  and  then  made  slightly  ammoniacal,  after  which  the 
solution  is  boiled  to  drive  off  excess  ammonia.  The  solution 
is  then  made  up  to  exactly  100  c.c. 

Ammonium  carbonate. — 60  c.c.  of  ammonia  (sp.  gr.  0*880) 
are  added  to  940  c.c.  of  a  saturated  solution  of  ammonium 
carbonate. 

The  Method. 

A  suitable  fraction  (e.g.,  one-tenth)  of  the  aluminium-chromium 
solution  obtained  during  the  general  separation  of  the  oxides  described 
later  is  diluted  with  water  to  30  c.c.  in  a  lOO-c.c.  standard  flask. 
This  solution  is  then  made  just  alkaline  with  dilute  ammonia  and 
then  just  acid  with  10%  hvdrochloric  acid,  after  which  an  excess  of 
5  c.c.  of  this  acid  is  added.  To  this  solution  are  then  added  5  c.c. 
of  25%  anmionium  acetate  solution,  20  c.c.  of  50%  glycerin  solution 
and  5  c.c.  of  the  solution  of  **  aluminon."  The  flask  containing 
the  solution  is  then  immersed  in  boiling  water  for  exactlv  5  min., 
aft^r  which  it  is  thoroughly  cooled  for  a  standard  time ;  when  quite 
cold,  10  c.c.  of  the  ammonium  carbonate  solution  are  added.  The 
solution  is  then  diluted  to  100  c.c.  and  aUowed  to  stand  for  exactly 
15  min.  at  a  temperature  of  approximately  15^  C. 

The  extinction  (E)  of  the  solution  is  then  measured  against 
water,  using  either  the  5-cm.  or  the  2-cm.  cells,  according  to  the 
depth  of  colour  developed.  Filter  /S53  is  used  in  the  photometer  in 
conjunction  with  the  Pulfrich  filament  lamp. 

A  standard  calibration  curve  obtained  under  the  above  standard- 
ised conditions  is  shown  in  Fig.  9,  in  which  the  extinction  coefficient 
{K ;  i.e.,  the  extinction  per  centimetre  of  solution)  is  plotted  against 
the  concentration. 
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Oeneral  Scheme  far  the  Analysis  of  Ignited  Non-Metallic  Residues. 

The  methods  of  analysis  which  have  now  been  adopted  for 
ignited  non-metallic  residues  may  be  summarised  briefly  as  follows  : 

Silica  is  determine  by  digestion  of  the  residue  with  strong  acids 
or  fusion  with  potassium  or  sodium  bisulphate,  followed  by  filtra- 
tion, ignition  and  treatment  with  hydrofluoric  and  sulphuric  acios. 
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Fio.  0. — Standard  Calibration  Cur\'e  for  the  Colorimetric  Determination  of 

Aluminium  in  the  Pulfrich  Photometer. 

The  oxides  of  iron,  titanium,  vanadium  and  zirconium  (if 
present)  are  precipitated  by  cupferron  in  the  acid  filtrate  from  the 
silica  precipitate.  The  residue  is  ignited,  fused  with  potassium 
bisulphate  and  extracted  in  dilute  sulphuric  acid.  Aliquot  portions 
of  the  resulting  solution  are  taken  for  the  colorimetric  determination 
of: 

Iron,  by  the  thioglycollic  acid  procedure. 

Titanium,  by  hydrogen  peroxide. 

Vanadium,  by  hydrogen  peroxide. 

A  test  for  zirconium  is  carried  out  by  precipitation  of  its  phosphate 
in  dilute  sulphuric  acid  solution  with  ammonium  phosphate. 

The  cupferron  in  the  filtrate  is  destroyed,  and  aluminium  and 
chromium  are  precipitated  by  8-hydroxyquinoline  in  buffered 
solution.    The  precipitate  is  redissolved,  and  portions  of  the  result- 
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ing  solution  are  taken  for  the  determination  of  aluminium  by  aurin- 
trioarboxylate,  and  chromium  by  diphenyl  carbazide.  Manganese 
and  phosphorus  are  determined  in  the  filtrate  (after  destroying  the 
8-hydroxyquinoUne  by  nitric  and  sulphuric  acids)  by  the  colour 
reactions  with  potassium  periodate  and  ainmonium-molybdate/ 
stannous-chloride,  respectively.  In  cases  of  high  phosphorus- 
pentoxide  contents,  it  is  sometimes  preferable  to  use  the  gravi- 
metric lead-molybdate  procedure. 


SECTION  IX.— Bepobts  on  Materials  Examined. 

Pabt  a. — An  Examination  of  the  Oxygen  Content  of  a  Basic  Bessemer 

Rimming  Steele 

By  T.  SWINDEN,  D.Met..  and  W.  W.  STEVENSON.  A.I.C. 

(StOOKSBRIDOE,    NBAS   SHEFrZEIiD). 

cnf-io-pifttoxux.) 

Synopsis. 

The  results  of  an  examination  of  the  oxygen  content  of  a  basic 
Bessemer  rimming  steel  are  presented.  Tins  examination  com- 
prises (a)  microscopical  examination,  (6)  chlorine  extraction,  (c) 
alcoholio  iodine  extraction,  and  (d)  vacuum  fusion  determination, 
by  both  the  total  and  the  fractional  procedure. 

The  results  are  discussed  and  show  that  loss  of  oxygen  occurs 
in  the  residue  methods  as  operated  at  present.  It  is  suggested  that 
the  lower  oxygen  result  is  due  to  the  presence  of  imcombined  iron 
and  manganese  oxides,  which  are  attacked  by  the  halogen  reagent. 


A  BiLLBT  sample  of  basic  Bessemer  rimming  steel  (blow  No.  8706i^) 
was  subjected  to  careful  examination  of  its  oxygen  content  by  vacuum 
fusion  and  residue  methdds,  by  two  co-operating  laboratories,  the 
Central  Research  Department  of  The  United  Steel  Companies,  Ltd., 
and  I.C.I.  (Alkali),  Ltd.,  Northwich.  The  present  paper  submits  a 
summary  of  the  work  on  this  material. 

Pit  Sample  Analysis, 

The  analysis  of  the  pit  sample  was  as  follows  : 

Carbon.  Manganese.  Silioon.  Sulphur.  Phosphorus. 

0-04%  0-45%  Trace  0036%  0-049% 

Samples, — A  section  of  a  rolled  slab,  71  in.  x  3J  in.,  obtained 
from  the  middle  of  an  ingot  was  machined  to  give  two  bars,  dia. 
^  in.,  one  from  a  position  midway  between  the  central  axis  and  the 
junction  of  rim  and  core,  designated  "  core,"  and  the  other  from 
midway  between  the  outer  edge  and  the  junction  of  the  rim  and 

1  A  communication  from  The  United  Stoel  Companies,  Ltd.,  Central 
Keeearch  Department^  Stocksbridge,  near  Sheffield,  received  February  10» 
1941. 
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core,  designated  ''  rim."  Later  work  necessitated  further  samples, 
which  were  obtained  from  the  remaining  parts  of  the  slab  section. 
The  disposition  of  the  samples  is  shown  in  Fig.  11  and  is  described 
later. 

Programme  of  Testa. 

(1)  A  Microscopical  Examination  and  Sulphur  Print  were  made 
on  the  entire  slab  section.   The  sulphur  print  is  illustrated  in  Fig.  10. 

(2)  Chlorine  \Method  Extractiona  were  carried  out  by  I.C.I. 
(Alkali),  Ltd.,  Northwich,  on  4-in.  dia.  bars  machined  as  described 
above.  Details  of  the  methoa  employed  are  given  in  the  Seventh 
Report  on  the  Heterogeneity  of  Steel  Ingots.^ 

(3)  Alcoholic  Iodine  Method  Extractiona  were  made  on  4-in.  dia. 
bars  machined  as  above.    Details  of  the  method  as  employed  by 

2r 
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Fio.  11. — Disposition  of  Samples  Exeunined. 

the  Central  Research  Department  (The  United  Steel  Companies, 
Ltd.)  are  given  in' the  Seventh  and  Eighth  Reports  on  the  Hetero- 
geneity of  Steel  Ingots.* 

(4)  The  Total  Oxygen  by  the  Vacuum  Fusion  Method  was  deter- 
mined on  ^-in.  dia.  bars  obtained  as  above.  This  method,  as 
employed  by  The  United  Steel  Companies,  Ltd.,  is  described  in  the 
Seventh  Report  on  the  Heterogeneity  of  Steel  Ingots  {he.  cit,,p.  65). 
(5)  Oxygen  Determinations  by  the  Fractional  Vacuum  Fusion 
Method  were  carried  out  on  samples  obtained  from  the  core  and  rim 
of  the  entire  slab  section,  as  shown  in  Fig.  11.    These  determinations 

*  Colbeck,  Craven  and  Murray,  Iron  and  Steel  Institute^  1937,  Special 
Report  No.  16,  p.  124. 

*  Rooney,  Stevenson  and  Raine,  Iron  and  Steel  Institute,  1937,  Special 
Report  No.  1(5,  p.  112.  Rooney,  Iron  and  Steel  Institute,  1939,  Special  Report 
No.  26,  p.  142. 
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were  carried  out  after  the  ^-in.  dia.  bars  prepared  for  the  investiga- 
tion had  been  exhausted ;  only  a  small  piece  of  the  original  bifiet 
section  was  available.  For  this  reason,  the  oxygen  value  of  the 
rim  test  by  the  fractional  method  is  somewhat  higher  than  the 
direct  determination  on  the  ^-in.  rods,  as  discussed  later. 

BeauUs  of  the  Examination. 

Microscopicai  Examinaiion. — ^There  were  fairly  numerous  in- 
clusions throughout  the  rim,  consisting,  al  the  outside  edge  of  the  rim, 
of: 

(a)  Numerous  small  globular  inclusions  of  silica,  aiid  silica 
mixed  with  iron-manganese  oxide. 

(b)  A  few  elongated  inclusions  of  iron-manganese  oxide  with 
probably  a  little  sulphide. 

(c)  Occasional  large  segregates  of  iron-manganese  siUcate. 

(d)  Comparatively  few  sulphide  inclusions. 

The  globular  inclusions  decreased  towards  the  centre  of  the  rim 
and  the  elongated  mixed  oxides  with  sulphide  were  larger  and  more 
numerous.  A  marked  increase  in  size  and  number  occurred  at  the 
junction  of  the  rim  and  core.  The  inclusions  throughout  the  core 
were  numerous,  and  typical  of  rimming  steel,  consisting  of  elongated 
and  massive  monophased  sulphides  (occasionally  heavily  segregated) 
and  also  sulphides  admixed  with  iron-manganese  oxide. 

Oxygen,  Nitrogen  and  Hydrogen  Results. — ^Table  XXVII.  gives  the 

Table  XXVII. — Fractional  Vacuum  Fusion  Results  on  Basic 

Bessemer  Material. 

Blow  No.  8706-F. 


Constituent. 

Oxygen.    %. 

Oxide.    %. 

Hydrogen. 

Nitrogvu    %. 

HI.  per  100  g. 

FeO 
MnO 
SiO, 
A1,0, 

Total    . 

FeO 
MnO 
SiO, 
A1,0, 

Total    . 

00101 
00070 

Nil 
OOOOlj 

Core. 

00462 
00309 

Nil 
00003 

215 

•  •  • 

•  ■  • 

•  •  • 

00010 
00006 
00016 
00163 

0017 

00137 
00107 
0:001 1 
00022 

•  •  • 

Rim. 

00617 
00475 
00021 
00046 

216 
(000019,%) 

0-75 
0-20 

•  •  ■ 

•  •  • 

00195 

000045 
00003 
000045 
00089 

0028 

•  •  • 

0-95 
(0-000085%) 

0010 
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results  obtained  by  the  fraotional  vacuum  fusion  determinations, 
whilst  the  entire  results  of  the  examination  by.  vacuum  fusion  and  by 
the  residue  methods  are  shown  in  Table  XXVlU. 

Table  XXVIII. — Basic  Bessemer  Rimming  Steel  {Core  and  Rim).    AnaJy 

BloirVo. 


Co-operating 
Laboratorj. 

Method. 

Weisht 

Steel 

Q. 

Total 

Ignited 

Beai- 

doe. 

%- 

Residue  Analjsia,  with  each  Oonstitnent 

SiO.. 

FeO. 

linO. 

810«. 

0,. 

FeO. 

Or 

linO. 

Or 

LOJ.  (Alkali).  Ltd. 

Central     Besearcb 
Department,  The 
United         Steer 
Companies,  Ltd. 

LOX  (AlkaU),  Ltd. 

(?entnl     Research 
Department,  The 
United         Steel' 
Oompanies,  Ltd. 

Chlorine. 

AloohoUo 
iodine. 

Vacanm  \ 
ftksion.  / 

Fractional. 

Chlorine. 

Alooholio 
iodine. 

Vacuum  1 
fusion,  s 

Fractional. 

11-20 
11-75 

•  •• 

•  •• 

10-71 
12-06 

»•• 

•  •• 

0-027 
0-089 

•  •• 

•  •• 

0-017 
0-056 

•  •• 

•  •■ 

N.d. 
0-001 

•  •• 

Nil 

N.d, 
<0-001 

... 
0002 

0-D004 

•  •• 

NU 

•  •• 

0-0004 

... 
0-0011 

0-011 
0-027 

•  •• 

0-045 

0-009 
0-041 

•  •• 

0  001, 

0-0025 
0-0060 

... 
0-0101 

0KH)20 
0^92 

•  •• 

0-0187 

Trace 
0-002 

•  •• 

0-081 

Trace 
0-004 

... 
0-047, 

Oon 

... 

0-0005 

•  •• 

0-0070 

... 
0-0010 

•a. 

0-0107 

N.d.  —  not 
*  In  the  residue  methods,  this  flgore  is  the  sum  of  the  oxygen  contents  of  the  FeO,  linO,  SiO,  and  A1,0,. 


Comments  on  the  ResvUs  Obtained. — (1)  Substantial  agreement 
between  the  fractional  and  total  vacuum  fusion  tests  was  obtained 
in  the  case  of  hydrogen  and  nitrogen,  and  it  is  noted  that  the 
segregation  of  these  two  elements  in  the  rim  and  core  followed  that 
of  the  carbon,  manganese,  sulphur  and  phosphorus.^  Furthermore, 
it  will  be  seen  that  the  hydrogen  content  of  the  samples  was  evolved 
in  the  lower-temperature  fractions  only ;  this  agrees  with  the  prin- 
ciple of  the  vacuum  heating  method  described  by  Sloihan  ^  and  also 
by  Newell.^  As  has  been  observed  in  every  fractional  vacuum 
fusion  determination  yet  carried  out  by  the  authors,  the  major  part 
of  the  nitrogen  was  found  in  the  final  fraction. 

(2)  The  total  and  fractional  vacuum  fusion  figures  for  total 
oxygen  agree  in  the  case  of  the  core,  but  the  fractional  total  is  higher 
in  the  rim.  This  is  explained  by  the  different  positions  in  the  billet 
of  the  specimens  used  for  the  two  tests.    The  segregation  of  oxygen 

^  Swinden,  Seventh  Report  on  the  Heterogeneity  of  Steel  Ingots,  loc,  ciL, 
p.  15. 

*  Sloman,  Eiglith  Report  on  the  Heterogeneity  of  Steel  Ingots,  loc.  cii., 
p.  50. 

*  Newell,  Journal  of  the  Iron  and  Steel  Institute,  1940,  No.  I.,  p.  243  p. 
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in  a  rimminff  steel  is  somewhat  different  from  that  of  the  other 
elements,  and  the  extent  of  the  variation  is  dependent  on  the  carbon 
content.    The  oxygen  content  decreases  from  the  chill  across  the 

il  RtsuUa  by  Chlorint,  Alcoholic  Iodine  and  Vacuum  Fusion  Methods. 
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t  By  chemical  soluUon  method. 


rim,  rises  towards  the  junction  of  rim  and  core  and  maintains  a 
feurly  constant  value  across  the  core.  Thus,  all  positions  in  the  core 
may  be  expected  to  give  similar  oxygen  figures,  whereas  rim  positions 
wffl  be  higher  or  lower  in  oxygen,  depending  on  their  proximity  or 
otiierwise  to  the  outer  edge.  The  test-pieces  for  fractional  vacuum 
fusion  contained  a  greater  proportion  of  the  outer  parts  of  the  rim 
than  the  1-in.  rod  urom  which  the  total  vacuum  frision  specimens 
were  macnined.  In  comparing  the  results  given  by  the  residue 
methods  with  the  individual  vacuum  fusion  fractions  on  the  rim,  it 
should  be  borne  in  mind  that  the  total  of  the  separate  fractions  is 
0*028%  of  oxygen,  against  0-020%  of  oxygen  by  the  direct  total 
vacuum  fusion  determination  on  the  sample  comparable  to  that  used 
for  the  residue  methods. 

(3)  The  total  oxygen  contents  in  both  the  rim  and  the  core 
oaloolated  from  the  analyses  of  the  chlorine  and  iodine  residues  are 
lower  than  the  figures  obtained  by  the  vacuum  frision  method. 

(4)  The  greatest  discrepancies  between  the  fractional  vacuum 
fusion  and  the  residue  analyses  are  in  the  iron  and  manganese 
oxides.  The  residue  methods  show  very  low  contents  of  manganous 
oxide  and  considerably  less  iron  oxide  than  the  fractional  vacuum 
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fusion  method.  The  solubility  of  manganese  oxide  in  alcoholic 
iodine  solution  imder  the  conditions  of  the  iodine  method  has  been 
shown  in  a  previous  Report,^  and  it  is  possible  that  iron  oxide  is 
affected  similarly.  It  was  hoped  that  the  chloi;ine  method  woidd 
give  more  satisfactory  recoveries  of  iron  and  manganese  oxides,  but 
the  results  of  both  sets  of  determinations  show  an  even  lower  content 
of  these  oxides. 

(5)  The  smaU  anK)unt  of  silica  found  in  the  rim  by  fractional 
vacuum  fusion,  as  against  no  silica  found  by  the  alcoholic  iodine  and 
the  chlorine  methods  is  explained  by  the  dis{K)sition  of  the  re- 
spective samples.  Microscopical  examination  showed  that  silica  and 
silicates  were  found  only  at  the  outside  edge  of  the  rim,  none  of 
which  was  included  in  the  ^-in.  rod  used  for  the  residue  methods. 

(6)  If  the  fractional  vacuum  frision  figures  be  accepted  as  repre- 
senting the  contents  of  the  various  oxides  ^constituting  the  total- 
oxygen  figure,  then  it  follows  that  the  chlorine  and  idcoholic  iodine 
methods,  as  at  present  operated,  fail  to  give  satiafactory  residues 
from  materials  of  the  rimming  type,  in  which  the  oxides  are  of  a 
highly  basic  character.  Alternatively,  if  this  type  of  material  con- 
tains ''  oxygen  in  solution  "  in  the  iron,  it  may  be  suggested  that 
oxygen  existing  in  this  form  is  not  recovered  by  residue  methods. 


Part  B. — A  Note  on  the  Examination  of  a  Series  of  Carbon  Steels.^ 

SuBMiTTBD  BY  W.  R.  MADDOCKS,  B.Sc,  Ph.D.  (Shetfibij>). 

An  investigation  has  been  undertaken  to  ascertain  the  influence  of 
carbon  on  the  alcoholic  iodine  extraction  method  for  the  determina- 
tion of  oxygen  in  steel.  A  series  of  carbon  steels  containing  from 
0*10%  to  113%  of  carbon  was  chosen.  Oxygen  determinations 
were  carried  out  on  these  steels  in  the  normalised,  quenched 
and  spheroidiscd  states. 

The  results  obtained  so  far  indicate  that  the  amoimt  and  state 
of  the  carbon  present  have  an  influence  on  the  iron-oxide  fraction  of 
the  residue.  Normalised  high-carbon  steels  give  iron-oxide  frac- 
tions which  are  much  greater  than  would  be  expected.  All  the 
steels  with  more  than  0-45%  of  carbon,  examined  in  the  quenched 
state,  give  higher  iron-oxide  fractions  than  in  the  normalised  condi- 
tion. Steels  with  less  than  0  -45%  of  ciurbon  appear  to  give  the  highest 
value  for  the  iron-oxide  fraction  after  spheroidisation. 

^  Taylor-Aiistin,  Eighth  Report  on  the  Heterogeneity  of  Steel  Xngots, 
loc.  cit.f  p.  167. 

*  A  communication  from  the  Metallurgy  Department,  Sheffield  University, 
received  February  10,  1941. 
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An  interesting  feature  of  the  work  is  that  the  P0O5  fraction  of  the 
residue  is  always  greater  in  the  quenched  steels  than  in  those  that 
are  normalised.  The  lowest  values  were  always  obtained  from  the 
spheroidised  samples. 

It  is  felt  that  misleading  conclusions  would  be  drawn  from  the 
work  if  it  were  published  in  its  present  form. 


SECTION  X.— General  Summary. 

By  T.  SWINDEN,  D.Met.,  Chaibman  op  the  Oxyobn 

sub-coioottbe. 

As  stated  in  the  Introduction,  the  work  of  the  members  since  the 
Second  Report  was  published  has  consisted  mainly  of  a  more  de- 
tailed study  of  existing  methods,  and  this  Report  is  intended  to 
present  a  concise  statement  concerning  their  possibilities  and  also 
their  limitations  as  we  see  them  to-day. 

In  Section  II.,  Part  A  Mr.  Sloman  describes  the  developments 
in  vacuum  fusion  equipment  and  restates  the  view  that  this  represents 
our  accepted  method  for  the  accurate  determination  of  total  oxygen. 
The  importance  of  recognising  the  presence  of  "  surface  oxidation  '* 
is  emphasised,  it  being  shown  that  this  may  account  for  as  much 
as  0-004-0-006%  of  oxygen  on  pure  iron.  Nitrogen  results  ob- 
tained by  the  vacuum  fiision  method  have  provided  some  interest- 
ing new  data  when  studied  in  conjunction  with  those  obtained  by 
chemical  methods,  whereby  some  indication  is  given  of  the  form  of 
existence  of  the  nitrogen  in  the  steel.  The  hydrogen  content  of  steel 
is  being  regarded  with  increasing  interest,  and  determination  by 
vacuum  heating  (as  distinct  from  vacuum  fusion)  is  being  extended. 

In  Section  II.,  Part  C  Dr.  Newell  summarises  briefly  his  further 
data  on  this  subject,  following  the  useful  paper  which  he  contributed 
to  The  Iron  and  Steel  Institute  last  year. 

A  significant  though  short  section  of  Mr.  Sloman's  paper  refers 
to  the  solubility  of  oxygen  in  high-purity  iron.  More  will  be  said 
on  this  subject  later,  but,  meantime,  taking  advantage  of  the 
availability  of  appropiate  samples,  it  is  indicated  that  the  cold 
solubility  of  oxygen  in  pure  iron  lies  between  0  006  and  0  003%. 

The  position  of  the  fractional  vacuum  fusion  method  is  fairly 
stated,  and  this  subject  is  further  elaborated  by  Dr.  Swinden, 
Mr.  Stevenson  and  Mr.  Speight  in  Section  II.,  Part  B,  in  which 
further  typical  data  by  this  method  are  given  and  are  compared  with 
results  obtained  by  the  alcoholic  iodine  and  chlorine  methods.  The 
fractional  vacuum  frision  method  has  been  particularly  successfrd 
in  the  examination  of  unkilled  steels  of  the  rimming  type,  in  which,  it 
is  suggested,  the  oxygen  is  present  essentially  as  basic  oxides. 

As  an  alternative  method  to  vacuum  fusion  for  the  determination 
of  total  oxygen  alone,  attention  is  directed  to  the  aluminium 
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reduction  method  introduced  by  Mr.  Gray  and  Mr.  Sanders.  In 
Section  III.,  Part  A  these  authors  detail  the  improvements  introduoed 
in  the  method  since  it  was  originally  described,  notably  .whereby 
the  atmosphere  of  hydrogen  is  dispensed  with  and  the  determination 
carried  out  under  reduced  pressure.  Results  are  given  indicating 
excellent  agreement  with  the  vacuum  fusion  meth^  when  appUed 
to  carbon  steels,  and  check  tests  on  added  compouiids  contaming 
oxygen  show  excellent  recovery.  A  further  study  of  the  method 
on  a  wide  variety  of  materials  is  being  undertaken.  This  method 
has  been  in  regular  use  for  some  time  in  the  Central  Research 
Department  of  TIfe  United  Steel  Companies, Titd.,  and  in  Section  HI., 
Part  B  Mr.  Stevenson  and  Mr.  Speight  contribute  a  note  describing 
their  equipment  and  their  experience  on  a  series  of  steels,  which 
confirms  very  good  agreement  with  the  vacuum  fusion  method. 

Fiui;her  work  on  the  aluminium  reduction  method  is  dealt  with 
in  Section  III.,  Part  C,  where  Mr.  Taylor-Austin  describes  a  modified 
method  applied  to  the  determination  of  total  oxygen  in  pig  iron. 
The  high  silicon  content  necessitates  a  modification  of  the  original 
procedure  as  described,  and  evidence  is  submitted  that  this  method 
can  be  satisfactorily  applied  to  pig  iron  generally,  provided  that  a 
suitable  sample  can  be  obtained. 

We  turn  now  to  the  "  residue "  methods,  wherein  the  non- 
metallic  inelusions  are  separated  chemically  from  the  iron  and  are 
submitted  to  chemical  analysis,  leading  in  turn  to  a  calculated 
content  of  oxygen.  The  necessity  for  further  work  on  all  these 
methods  has  been  stressed  in  earlier  Reports,  and  it  is  gratifying  to 
be  able  to  state  that  definite  progress  has  been  made  in  elucidating 
some  of  the  earlier  difficulties  and  discrepancies. 

In  Section  IV.,  Part  A  Mr.  Colbeck,  Mr.  Craven  and  Mr.  Murray 
describe  their  further  work  on  the  chlorine  method.  The  latest 
type  of  equipment  and  procedure  is  carefully  explained  as  well  as  an 
improved  technique  in  the  analysis  of  theresidue.  In  Section  IV., 
Part  B  the  same  authors  show  the  satisfactory  application  of  the 
method  to  a  wide  variety  of  steels.  Good  agreement  is  forthcoming 
with  the  vacuum  fusion  method  when  testing  fully  killed  steel. 
In  the  case  of  rimming  steel,  lower  results  are  obtained  by  the 
chlorine  method  and  explanations  are  submitted  for  these.  In 
their  earlier  work  the  authors  showed  that  the  chlorine  method 
was  very  promising  for  certain  alloy  steels  which  contained  elements 
known  to  interfere  seriously  with  the  iodine  method,  and  this  Part 
refers  to  the  further  work  which  is  being  pursued  in  the  application 
of  the  chlorine  method  to  alloy  steels. 

In  Section  V.,  Part  A  Mr.  Rooney  has  summarised  concisely  the 
present  position  of  the  alcoholic  iodine  method  for  which  he  has 
been  so  largely  responsible.  The  Part  covers  the  work  both  at  the 
National  Physical  Laboratory  and  in  the  collaborating  laboratories. 
The  method  as  now  practised  and  herein  described  includes  the  various 
modifications  introduced  since  the  last  Report  and  can  now  be 
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regarded  as  proved  and  accepted  for  the  accurate  determiuatioii 
of  the  oxide-containing  inclusions  in  low  and  medium  straight 
carbon  steels.  The  interference  either  proved  or  anticipated  from 
elements  forming  stable  carbides  or  insoluble  iodides  is  recognised 
and  is  being  made  the  subject  of  further  study.  As  Mr.  Rooney 
points  out,  it  is  not  unusual  for  an  accepted  method  to  be  modified 
to  suit  different  types  of  material,  and  certain  modifications  are 
proposed  for  the  application  of  the  alcoholic  iodine  method  to 
rimming  steel,  to  which  further  reference  is  made  in  Section  IX. 

Incidentally,  note  is  made  of  the  successful  use  of  alcoholic 
iodine  solution  for  stripping  oxide  films  on  iron.  The  work  ^oe 
the  last  Report  has  naturally  been  directed  mainly  towards  over- 
coming the  limitations  of  the  method,  and  this  work  has  given  rise 
to  some  interesting  thoughts  on  the  form  of  existence  of  certain 
elements  in  the  steel,  e.^.,  aluminium  and  phosphorus.  Sheffield 
University  has  done  considerable  research  on  the  interference  by 
carbon  and  has  indicated  the  limits  beyond  which  carbon  interferes 
with  the  accuracy  of  results.  Phosphorus  has  also  had  considerable 
attention  and  this  has  led  to  the  necessity  for  thoroughly  drying 
the  alcohol. 

In  Section  V.,  Part  B  Mr.  Stevenson  and  Mr.  Speight  describe  a 
simplification  of  the  alcoholic  iodine  method  which  nevertheless 
fulfils  all  the  essentials  and  appears  to  produce  results  of  sufficient 
accuracy  for  all  practical  purposes,  subject,  of  course,  to  the  limita- 
tions of  the  alcoholic  iodme  method  previously  referred  to.  The 
British  Cast  Iron  Research  Association  has  collaborated  in  investigat- 
ing particularly  the  use  of  the  aqueous  iodine  method,  and  in  Section 
VI.,  Part  A  Mr.  Taylor-Austin  describes  a  revised  aqueous  iodine 
method,  surveying  its  possibilities  and  limitations  with  particular 
reference  to  the  determination  of  oxide  inclusions  in  pig  iron. 
In  Section  VI.,  Part  B  Mr.  Pearce  presents  a  general  review  of  the 
present  position  of  the  determination  of  oxide  inclusions  in  pig 
iron  and  cast  iron. 

The  hydrogen  reduction  method  (one  of  the  earliest  ever  pro- 
posed for  determining  oxygen  in  steel)  has  been  the  subject  of 
intermittent  attention  for  many  years.  Interest  has  been  renewed 
in  the  possibility  of  accurately  determining  the  more  readily  re- 
ducible oxides,  e.g.,  iron  oxide  and  manganese  oxide,  and  in  Section 
VII.  Mr.  Stevenson  briefly  states  the  result  of  a  considerable  amount 
of  work  which  unfortunately  up  to  the  present  has  not  led  to  a 
satisfactory  adaptation  of  this  method.  The  work,  however,  is 
proceeding. 

The  technique  of  the  analysis  of  residues  is  obviously  important 
and  was  dealt  with  at  considerable  length  jointly  by  the  members 
of  the  Chemists'  Panel  in  the  last  Report.  In  Section  VIII.  Mr. 
Speight  suggests  some  further  improvements  in  the  direction 
of  the  almost  complete  adoption  of  colorimetric  methods. 

In  Section  V.,  Part  A  Mr.  Rooney  referred  at  length  to  rimming 
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steel  which,  as  then  stated,  led  him  to  suggest  some  modification 
of  the  alcoholic  iodine  method  when  examining  steel  of  that  type. 
In  Section  IX.,  Part  A  Dr.  Swinden  and  Mr.  Stevenson  describe 
work  on  a  billet  of  rimming  steel  examined  by  the  chlorine,  alcoholic 
iodine  and  vacuum  fusion  (both  total  and  fractional)  methods. 
These  results  confirm  the  view  that  the  residue  methods  tend 
to  give  low  results,  which,  it.  is  suggested,  are  due  to  the  attack 
of  the  halogen  reagent  on  uncombined  iron  and  manganese  oxides. 
It  would  appear  that  the  fractional  extraction  method,  as  previously 
mentioned,  is  well  suited  for  the  fractional  determination  of  oxygen, 
in  this  type  of  steel. 

Finally,  in  Section  IX.,  Part  B  Dr.  Maddocks  presents  a  short 
note,  which  in  itself  does  not  reflect  the  large  amount  of  work 
which  this  entailed,  summarising  briefly  the  results  of  an  examination 
of  a  series  of  carbon  steels  by  the  alcoholic  iodine  method.  As 
intimated  in  other  Sections,  this  work  again  brings  out  interesting 
points  concerning  the  constitution  of  steel,  with  particular  reference 
to  the  form  of  existence,  in  this  case,  of  the  phosphorus. 


SECTION  XI. — ^WoRK  IN  Hand  and  Futubb  Programme. 

Although  in  the  various  Sections  indications  have  been  given 
of  certain  work  in' hand,  considerations  of  space  render  it  impossible 
to  set  out  a  detailed  programme.  It  is,  nevertheless,  desirable  that 
this  should  be  referred  to  briefly,  if  only  for  the  purpose  of  soliciting 
criticism  and  comment  on  the  work  of  the  Oxygen  Sub-Committee. 
In  both  of  the  preceding  Reports  a  word  of  warning  has  been  given 
against  the  too  hastj^^adoption  of  any  method  without  a  full  under- 
standing of  the  limitations  thereof,  in  the  absence  of  which  results 
are  misleading  and  erroneous  deductions  are  inevitable.  A  good 
example  may  be  quoted  from  the  present  Report,  where  more 
specific  attention  is  given  to  the  influence  of  surface  oxygen  and  the 
importance  of  the  preparation  of  the  sample  used  for  the  determina- 
tion. 

It  is  gratifying  to  be  able  to  confirm  that  the  vacuum  fusion 
method  does  in  fact  determine  the  total  oxygon  content  of  the  steel 
and  that  the  technique  is  now  well  established.  The  outstanding 
feature  of  the  present  Report  as  regards  total  oxygen  is  the  increased 
confidence  which  is  being  obtained  in  the  aluminium  reduction 
method,  having  in  mind  the  simpler  equipment  necessary.  Further 
work  on  the  possible  limitations  and  on  improvements  of  the 
aluminium  reduction  method  form  a  definite  featiu^  of  the  forward 
programme. 

It  so  often  happens,  however,  that  the  totnl  oxygen,  interesting 
though  it  may  be,  represents  only  a  small  part  of  the  story,  and  work 
must  continue  until  we  are  able  to  determine  with  complete  accuracy 
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the  oxygen  in  its  various  forms  of  occurrence  in  the  inclusions  or 
in  fact  in  the  steel  itself.  It  would  seem  sometimes  that  the  residue 
methods  employed  to  achieve  this  end  tend  to  become  more  and 
more  complicated  and  to  be  relegated  to  a  position  in  the  research 
laboratories  rather  than  in  the  routine  steelworks  laboratory. 
It  may  be  hoped,  however,  that  in  due  course,  when  the  limitations 
are  more  fully  explored,  simple  modifications  of  the  alcoholic  iodine 
and/or  .phlorine  methods  will  result  in  the  present  difficulties  being 
eliminated.  Even  if  the  ultimate  conclusion  is  that  these  methods 
must  be  regarded  as  being  confined  to  the  work  of  the  research 
chemist  and  therefore  of  somewhat  limited  application,  the  work 
would  still  remain  of  very  sreat  value.  The  protagonists  of  these 
methods  are  still  hopeful  of  their  more  general  application  in  due 
course.  In  this  direction  it  is  hoped  that  further  use  will  be  made 
of  the  simplified  alcoholic  iodine  method  described  in  Section  V., 
PartB. 

The  criticisms  that  have  been  made  of  the  fractional  extraction 
method  are  fully  recognised,  and  the  future  programme  will  explore 
the  merits  of  this  method  with  particular  reference  to  the  break- 
down of  oxygen-containing  minerals.  One  drawback  attending 
all  this  work  on  the  determination  of  oxygen  is  that  there  is  no 
ultimate  and  infallible  check  on  the  accuracy  of  results,  and  this 
fact  has  led  to  the  necessity  for  cross-checking  in  the  various 
laboratories  by  the  same  and  by  alternative  methods.  The  Sub- 
Committee  are  now  fortunate,  however,  in  having  secured  a  quantity 
of  iron  substantially  free  from  oxygen,  which  has  been  prepared 
for  them  by  the  National  Physical  Laboratory.  This  is  a  very 
important  contribution  to  their  work  and  will  allow  the  members 
to  proceed  forthwith  on  the  programme  already  planned,  whereby 
known  quantities  of  various  types  of  slags  and  minerals  can  be 
incorporated  with  the  oxygen-free  iron  as  a  base.  In  a  number  of 
Sections  reference  has  been  made  to  the  possible  interference 
of  allo3dng  elements.  This  becomes  increasingly  important  as  the 
content  of  small  amounts  of  various  elements  as  residuals  "  in 
carbon  steels  tends  to  increase.  The  Sub-Committee  have  therefore 
obtained  a  very  comprehensive  series  of  commercial  alloy  steels, 
which  have  now  been  processed  into  suitable  form  and  distributed 
to  the  various  laboratories  for  work  by  their  respective  methods 
on  the  interference  of  allojdng  elements. 

Mr.  Colbeck  and  his  collaborators  propose  to  continue  their 
work  on  the  effect  of  increased  chlorination  temperatures,  which 
will  be  of  particular  interest  and  service  in  this  direction. 

It  has,  it  is  hoped,  been  noted  with  interest  that,  while  the 
work  is  directed  essentially  towards  the  accurate  determination 
of  oxygen  in  iron  and  steel,  a  number  of  very  significant  observations 
arise,  leading  one  to  speculate  on  the  form  of  existence  of  certain 
constituents,  particularly  aluminium  and  phosphonis,  And  these 
features  will  not  be  lost  sight  of  in  the  forward  programme.  Further, 
IWl— i  cc 
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although  this  body  is  called  the  Oxygen  ^Sub-Committee,  it  has 
naturally  embraced  two  other  elements,  namely,  nitrogen  and 
hydrogen,  because  of  the  facility  provided  for  determining  these  in 
the  vacuoun  fusion  method.  This  in  turn  has.  led  to  the  mare 
popular  use  of  the  vacuum  heating  method  for  determining  hydrogen, 
and  here  again  the  work  promises  to  be  of  the  greatest  importwoe 
in  linking  up  with  important  research  into  certain  steel  defects, 
which,  according  to  certain  schools  of  thought,  are  attributed 
essentially  to  hydrogen. 

The  trend  of  the  work  must  inevitably  arouse  serious  thought 
on  the  question  of  the  solubiUty  of  oxygen  in  iron  at  normal  tenf pera- 
ture.  Mr.  Sloman  has  given  further  evidence  of  a  definite,  if  small, 
solubility  of  oxygen  in  iron,  and  we  must  eventually  be  able  to 
determine  quite  definitely  ^^he  form  of  existence  and  the  amount 
of  this  oxygen,  which,  it  is  reasonable  to  believe,  has  a  profound 
influence  upon  the  physical  properties  of  the  iron  itself.  By  this 
is  meant  an  influence  distinct  &om  that  of  the  non-metallic  inclusions, 
*  the  bidk  of  which  contain  oxygen  and  are,  of  course,  recorded  in  the 
total  oxygen  determination.  Whether  or  not  the  oxygen  or  iron 
oxide  in  solid  solution  is  determined  by  the  residue  methods  remains 
an  important  part  of  the  future  programme.  Rimming  steel 
appears  to  provide  a  very  interesting  subject  for  the  further  study 
of  this  problem,  particularly  since,  as  indicated  in  Section  IX., 
the  amended  residue  methods  give  a  lower  total  oxygen  value  than 
that  obtained  by  vacuum  fusion. 

It  is  hoped  to  proceed  with  certain  work  of  »more  fundamental 
nature  such  as  the  X-ray  examination  of  residues  extracted  by  the 
iodine  and  chlorine  methods  as  well  as  by  vacuum  fusion  determina- 
tions of  the  oxygen  in  the  residues.  There  are,  however,  certain 
practical  difficulties  which  require  to  be  overcome  in  this  section 
of  the  work. 

On  the  other  hand,  the  directly  practical  aspect  of  oxygen 
determination  is  not  lost  sight  of.  While  the  foregoing  work 
relates  entirely  to  the  determination  of  oxygen  (hydrogen  and 
nitrogen)  in  the  final  steel,  a  good  deal  of  work  has  in  fact  been 
done  in  the  individual  steelworks  laboratories  on  samples  taken 
throughout  various  steelmaking  processes  with  quite  interesting 
results.  Contemplation  of  the  value  which  could  be  attached  to 
these  results,  if  we  were  quite  certain  of  the  absolute  accuracy  of  the 
various  fractions,  urges  one  in  the  furtherance  of  this  task  of  finalising 
rapid  methods  of  making  such  determinations.  Moreover,  the 
initial  problem  of  taking  reliable  and  representative  samples  of 
liquid  metal  has  not  been  overlooked  and  research  is  being  carried 
out  in  this  direction  as  a  first  essential.  We  may  look  forward  to 
the  day  when  the  reactive  oxygen  as  the  principal  chemical  reagent 
in  steelmaking  processes  will  be  determined  directly  in  the  stage 
laboratory  by  methods  approaching  in  simplicity  those  at  present 
used  for  carbon  as  an  alternative  to  the  present  "  iron  in  slag  " 
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determination,  which  at  best  can  only  be  an  approximation  and 
then  only  imder  prescribed  conditions. 

The  foregoing  refers  essentially  to  steel.  It  is  hox)ed  and 
anticipated,  however,  that  the  happy  collaboration  with  the  British 
Cast  Icon  Research  Association  mil  continue  and  that  further  light 
will  be  shed  upon  the  question  of  non-metallic  inclusions  in  pig  and 
cast  irons.  The  extremely  fine  work  by  IVir.  Morrogh  on  the  metal- 
lography of  these  inclusions  raises  certain  very  intcurestii^  problems 
which  require  elucidation  in  the  light  of  the  work  of  the  Sub- 
Committee. 

The  war  conditions  under  which  a  good  deal  of  this  work  has 
been  carried  out  naturally  have  had  their  effect  on  the  progress  of 
these  researches.  It  is,  indeed,  gratifying  to  be  able  to  present  a 
Report  at  all  under  these  circumstances,  but  it  is  in  the  certain 
bebef  that  this  work  is  of  vital  importance  to  the  fuller  understand- 
ing of  the  physical  chemistry  of  steelmaking  and  all  that  this  means 
in  avoiding  double  and  improving  quality,  that  one  is  inspired  to 
find  the  necessary  time  to  pursue  what  might  otherwise  be  regarded 
as  an  academic  piece  of  work  suitable  only  for  peace-time  pursuit. 
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DISCUSSION. 

Dr.  W.  H.  Hatfield,  F.R.S.  (Vice-President;  Brown-Firth 
Research  Laboratories,  Sheffield),  Chairman  of  the  Committee  on 
the  Heterogeneity  of  Steel  Ingots  (the  Parent  Committee  of  the 
Oxygen  Sub-Committee)  had  hoped  to  open  the  discussion.  Un- 
fortunately, he  was  not  able  to  remain  to  deliver  a  contribution  in 
person,  but  he  had  intimated  to  Dr.  Swinden  that,  in  his  view, 
the  work  of  the  Sub-Committee  had  carried  our  knowledge  to  a 
very  practical  stage,  and  that  the  Sub-Committee  was  to  be  con- 
gratulated on  the  work  they  had  done.  It  would  appear,  in  his 
view,  that  they  would  be  able  to  handle  the  question  of  oxygen 
in  a  very  effective  manner  in  the  near  future.  Dr.  Hatfield  had 
promised  to  contribute  a  fuller  statement  in  writing  {see  Corre- 
spondence below). 

Mr.  Vebnon  Harbord  (Messrs.  *  Riley,  Harbord  and  Law, 
London)  said  he  fully  appreciated  the  very  valuable  work  which 
thp  Oxygen  Sub-Committee  had  been  doing  in  trying  to  determine 
by  chemical  n^ethods  the  oxygen  in  steel,  but  it  seemed  to  him 
that  the  question  was  not  only  one  of  chemical  oxide  determination 
but  also  one  of  the  distribution  of  the  oxygen  in  the  steel.  In  the 
case  of  the  many  steels  which  came  to  him  for  examination,  it  had 
been  found  that  those  which  were  regarded  with  most  suspicion 
from  an  oxidation  point  of  view  were  not  those  which  showed  a 
vast  amount  of  inclusions  under  the  ordinary  microscopic  examina- 
tion but  those  which  suggested  an  almost  sub-microscopic  dis- 
tribution of  oxide.  Therefore,  although  he  appreciated  the  value 
of  the  total-oxygen  determination,  he  thought  the  distribution  of 
the  oxide  was  of  rather  more  importance  than  the  total  oxygen 
content  of  the  steel,  and  he  would  like  to  put  forward  that  view  to 
the  Sub-Committee  for  their  comments. 

Mr.  R.  Percival  Smith  (Messrs.  Steel,  Peech  and  Tozer, 
Sheffield)  said  he  did  not  propose  to  discuss  the  Report  in  a  technical 
or  scientific  sense,  but  he  would  like  to  say  something  about  it  from 
the  steelmaker's  point  of  view. 

In  the  first  place,  he  wished  to  say  that  a  number  of  his  imme- 
diate associates  had  accompanied  him  to  the  meeting  in  order  to 
be  present  when  the  Bessemer  Gold  Medal  was  presented  to  Dr. 
Swinden,  because  they  all  knew  that  they  had  greatly  benefited  by 
their  association  with  him.  In  presenting  the  Medal  the  President 
had  referred  to  the  work  that  Dr.  Swinden  had  done  as  the  leader 
of  a  great  research  department,  but,  because  one  man's  own  con- 
tribution, however  distinguished,  was  small  when  viewed  in  the 
light  of  the  combined  contributions  of  a  close-knit  association  of 
men,  ho  ventured  to  suggest  that  Dr.  Swindon's  services  to  the 
industry  as  the  leader  of  a  research  department  were  greater  than 


OXTOBN  SITB-OOMMITTBB. — ^DISCUSSION.  389  P 

his  individual  efforts  could  possibly  be.  He  was  convinced  that 
it  was  true  to  say  that  the  collaboration  to-day  between  those 
engaged  in  research  and  those  engaged  in  steelmaking  was  greater 
than  it  had  ever  been  before,  and  certainly  the  works  were  bene- 
fiting greatly  from  that  association.  Perhaps  only  those  in  close 
touch  with  the  day-to-day  work  of  productive  departments  could 
fully  realise  what  that  meant.  It  seemed  to  him  that  Britain,  if 
it  pursued  the  course  it  was  now  on,  was  bound  to  do  better  than 
it  had  ever  done  before,  and  he  thought  he  was  right  in  saying  that 
even  now  there  were  signs  that  in  certain  directions  this  country 
was  fully  equal  to  if  not  ahead  of  the  other  great  steel-producing 
countries. 

The  works  of  The  United  Steel  Companies  had  the  benefit  of  a 
personal  partnership  with  men  such  as  Dr.  Chesters,  Dr.  Jay  and 
Mr.  Stevenson  of  Dr.  Swinden's  staff,  and  the  whole  steel  trade 
was  reaping  the  benefits  of  the  work  already  done  or  in  the  course 
of  being  done  by  Committees  dealing  with  refractories,  liquid  steel 
temperatures,  methods  of  analysis,  the  grading  and  use  of  dolomite, 
and  oxygen  determination  in  steel,  in  all  of  which  activities  Dr. 
Swinden  was  taking  a  prominent  part,  and  much  of  which  he  had 
inspired  and  was  leading.  These  all  worked  towards  one  common 
end  and  would,  with  the  companion  activities  in  workshops  and 
works  laboratories,  within  measurable  time  effect  great  changes  in 
shop  outlook  and  practice,  and,  as  Dr.  Swinden  had  said,  give  the 
trade  vast  benefits  in  better  steel  and  economy  in  time,  material 
and  effort. 

There  was  only  one  thing  that  he  was  anxious  to  know  and 
perhaps  an  answer  could  not  be  given  yet,  namely,  this :  Would 
steelmakers  soon  have  means  at  their  disposal  to  determine  the 
oxygen  content  of  the  steel  on  the  furnace  stage  before  tapping  ? 

Dr.  R.  J.  Sakjant  (Messrs.  Hadfields,  Ltd.,  Sheffield)  said  that, 
as  one  connected  with  a  works  that  was  attempting  to  use  modern 
methods  of  physical  chemistry  in  steelmakfhg  and  to  apply  them 
to  developments  in  steel  manufacture,  it  gave  him  great  pleasure 
to  convey  to  Dr.  Swinden  and  the  members  of  his  Sub-Committee 
very  hearty  congratulations  on  the  standard  of  the  work  which 
they  put  forward  in  their  Report.  Hfe  thought  that  the  Report 
was  really  a  milestone  in  the  application  of  science  to  steelmaking, 
which  was  often  described  as  an  art,  and  that  it  would  be  of  great 
value,  because  now  it  would  not  be  long,  he  thought,  before  there 
was  actually  a  method  of  determining  oxygen  on  the  stage.  When 
that  happened,  steelmaking  would  become  more  of  a  science  rather 
than  an  art. 

He  Had  read  the  Report  with  great  interest.  Whilst  the  Sub- 
Committee  were  attempting  to  determine  a  method  for  the  estima- 
tion of  oxygen  in  steel,  he  wondered  whether  they  could  give  their 
attention  to  finding  a  quick  method  for  the  determination  of  gases. 
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That  might  seem  a  very  far-reaching  suggestion,  but  he  did  not 
think  that  it  was.  Not  only  was  trouble  experienced  in  steelmaking 
due  to  oxygen,  but  in  the  case  of  many  puzzling  things  which 
occurred  one  could  say  **  That  cannot  be  oxygen ;  it  must  be  gas." 
If,  therefore,  the  Sub-Committee  could  give  their  attention  to  the 
gas  content  of  the  steel  at  the  same  time  as  to  the  oxygen,  he 
thought  their  contribution  would  be  very  welcome  to  the  industry. 
The  quick  determination  of  the  gases  was  not  going  to  be  done  by 
any  of  the  known  methods  of  extraction,  but  he  thought  that  it 
should  be  possible,  by  correlating  the  work  that  the  Sub-Committee 
were  doing  with  certain  ad  hoc  observations  on  the  steel  specimens 
in  the  furnace,  ultimately  to  have  a  technique  which  would  make 
it  possible  not  only  to  judge  the  oxygen  rapidly  but  also  to  judge 
the  gases. 

He  had  himself  applied  the  Schenck  method  of  determining  the 
oxygen  content  from  the  rate  of  carbon  drop,  and  he  had  been 
astounded  to  find,  when  one  had  an  accurate  method  of  deter- 
mining the  oxygen  in  the  steel,  how  closely  the  data  which  were 
determinable  nrom  the  rate  of  carbon  drop  could  be  correlated 
with  the  actual  oi^gen  as  determined  by  the  most  modem  methods 
which  had  been  aescribed.  The  importance  of  the  gas  question 
could  not  be  overrated.  The  Report  itself  contained  many  inter- 
esting points  of  which  as  time  went  on  the  value  would  become 
clearer.  In  particular,  it  had  now  been  ascertained  once  and  for 
all  by  the  work  of  the  Sub-Committee  that  the  segregation  of  the 
gases  hydrogen  and  nitrogen  followed  the  segregation  of  the  con- 
stituents such  as  carbon,  silicon  and  manganese.  That  was  going 
to  be  of  extreme  value  in  connection  with  other  work  which  was 
being  done  by  the  Iron  and  Steel  Research  Council. 

One  other  point  which  struck  him  as  significant  in  the  detailed 
technique  that  had  been  developed  was  in  the  extraction  method, 
where  certain  difficulties  had  been  found  in  connection  with  the 
porosity  of  the  mercury  boiler  when  it  became  hot,  and  that  was 
ascribed  to  a  certain  amount  of  gas  leakage  through  the  body  of 
the  metal.  That  was,  he  thought,  in  keeping  with  what  one  would 
expect.  Many  people  did  not  realise  that  if  metals  were  heated 
they  became  more  permeable  as  the  temperature  was  raised,  and 
that  was  no  doubt  the  case*  with  the  metal  of  the  mercury  boiler. 

Those  who  were  dealing  with  the  matter  from  the  point  of  view 
of  works  investigation  would  like  to  be  quite  clear  as  to  exactly 
what  were  the  limits  of  error  that  might  be  expected  to  be  due  to 
experimental  method  in  the  laboratory,  and  what  were  the  so-called 
sampling  errors,  due  to  the  method  of  taking  the  sample,  whether 
it  was  taken  from  part  of  an  ingot  or  from  part  of  a  casting,  or 
whether  the  ingot  was  rolled  down  to  a  billet  and  one  ultimately 
sampled  the  billet  or  the  final  bar,  or  whether  an  attempt  was  made 
to  take  the  sample  in  the  furnace.  He  would  like  to  see  the  Sub- 
committee devote  their  attention  particularly  to  specifying  what 
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they  considered  to  be,  in  the  most  accurate  methods  which  they 
described,  the  limits  of  error,  as  they  saw  the  matter  to-day ;  ana 
he  thought  that  they  had  taken  the  subject  far  enough  to  be  able 
to  say. 

Mr.  D.  A.  OuvsB  (Messrs.  William  Jessop  &  Sons,  Ltd.,  Sheffield), 
having  expressed  his  admiration  of  the  Report,  said  that  he  was 
going  to  discuss  the  methods  purely  from  the  point  of  view  of 
steelmaking.  He  regarded  the  extended  work  on  the  fractional 
method  of  determination  as  being  of  outstanding  importance, 
because,  as  had  already  been  pointed  out  in  the  discussion,  there 
seemed  to  be  accumulating  evidence  in  favour  of  inclusions  which 
were  sub-microscopic.  That  view,  he  believed,  was  put  forward 
first  by  Dr.  MoCwce  in  his  classical  paper  in  1925,  and  was  a 
view  which  personally  he  regarded  as  being  extremely  sound  and 
of  great  practical  importance.  If  one  determined  the  total  oxygen 
in  steel,  one  measured  the  oxygen  in  the  different  phases  in  which 
the  inclusions  occurred,  and  one  should,  of  course,  determine  as 
part  of  the  total  the  oxygen  in  those  sub-microscopic  particles.  By 
the  fractional  method,  some  information  was  given  as  to  hoYr 
equilibrium  had  been  set  up  during  the  cooling  process,  and  to  a 
large  extent  how  the  steel  had  been  deoxidised.  His  own  view 
was  that  these  methods,  which  had  been  so  admirably  developed, 
would  be  of  great  value  in  the  laboratory  as  a  check  on  steelmaking 
processes.  He  did  not  suppose  that  any  steelmaker  would  con- 
template analysing  fully  every  8ast  of  steel,  but  if  he  cared  to 
standardise  his  methods  in  steelmaking  and  to  analyse  a  number 
of  typical  casts,  there  would  probably  be  growing  evidence  in 
favour  of  the  contention  that  such  a  campaign  would  give  most 
valuable  guidance  in  the  better  control  of  steelmaking. 

There  seemed  to  be  increasing  evidence  that  oxygen  by  itself 
was  not  a  bad  thing.  In  other  words,  heats  which  were  allowed  to 
solidify  on  the  fined  silicon  and  manganese  present  (t.e.,  without 
the  addition  of  further  deoxidisers)  did  not  necessarily  have  bad 
mechanical  properties — ^in  some  cases  they  could  be  most  excellent — 
but  steel  melted  as  nearly  as  possible  in  the  same  way  and  fully 
deoxidised  with  a  more  powerful  deoxidiser,  such  as  aluminium 
or  zirconium,  would  often  give  inferior  mechanical  properties, 
particularly  ductility,  on  account  of  the  fine  subdivision  of  the 
inclusions.  From  that  point  of  view  he  felt  that  the  fractional 
method,  supplemented  by  either  the  vacuum  fusion  total- oxygen 
method  or  the  new,  simple  and  attractive  Gray  and  Sanders 
aluminium  method,  would  go  a  long  way  towards  throwing  light 
on  this  problem.  It  was  becoming  increasingly  important  to  aim 
at  reproducing  the  same  state  of  affairs  in  repeated  casts  of  the 
same  steel.  If  some  reproducible  deoxidation  procedure  was 
followed,  it  was  evident  that  within  certain  practical  limits  it  was 
possible  to  achieve  a  high  degree  of  uniformity.     In  his  own  works 
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they  had  put  such  a  practige  into  operation  over  the  last  two  years, 
and  the  success  to  date  had  been  over  98%.  In  the  light  of  those 
results,  he  suggested  that  the  new  methods  which  had  been  so 
admirably  developed  in  the  last  Report  of  the  Sub-Committee,  if 
applied  to  a  rigid  regime  in  melting  procedure,  would  result  in  a 
great  stride  forward  in  the  quality  of  steel  products  in  industry. 


CORRESPONDENCE, 


Dr.  W.  H.  Hatfield,  F.R.S.  (Vice-President;  Brown-Firth 
Research  Laboratories,  Sheffield),  wrote  that  the  present  Report, 
although  dealing  with  investigations  carried  out  under  war-time 
conditions,  showed  unabated  enthusiasm  and  success  on  the  part  of 
Dr.  Swinden  and  the  members  of  the  Oxygen  Sub-Committee  in 
developing  the  technique  of  this  valuable  study.  Indeed,  it  was  clear 
that,  in  spite  of  the  war,  the  work  of  the  Committee  had  made  very 
considerable  progress  since  the  previous  Report  in  regard  both  to 
improved  and  simplified  technique,  and  to  the  more  complete 
understanding  of  the  significance  of  the  results  obtained.  Consider- 
able fufther  work  would  no  doubt  be  necessary  before  a  full  know- 
ledge of  the  facts  was  attained,  but  the  simplified  iodine  determina- 
tion and  the  work  on  the  aluminium  reduction  method  were  notable 
developments  in  the  direction  of  the  simplification  procedure  so 
desirable  for  routine  testing  purposes. 

The  work  of  the  Sub-Committle  and  its  members  on  the  vacuum 
fusion  method  had  been  shown  to  provide  an  accurate  measure  of 
the  total  oxygen  present,  as  well  as  the  nitrogen  and  hydrogen 
contents,  but  the  realisation  of  the  full  value  of  oxygen  determina- 
tions towards  a  proper  understanding  of  the  physical  chemistry 
of  steelmaking,  as  well  as  in  regard  to  the  properties  of  the  final 
steel,  must  depend  on  an  accurate  knowledge  of  the  quantitative 
distribution  of  this  oxygen  among  the  various  elements  with  which 
it  was  combined.  The  results  obtained  by  the  fractional  vacuum 
heating  method  unfortunately  did  not  so  far  give  figures  on  which 
much  reliance  could  be  placed,  thereby  emphasising  the  importance 
of  the  residue  method.  Thus  further  developments  in  the  accuracy 
and  simplicity  of  the  chemical  extraction  methods  were  of  the 
utmost  importance. 

In  the  consideration  of  the  chemical  and  physical  state  of  the 
oxygen  present  it  was  also  important  to  know  the  extent  to  which 
it  existed  in  solid  solution  in  the  metal  and  the  microscopic  evidence 
for  a  limit  of  solubility  between  0-003  and  0-006%  in  pure  iron  was 
interesting  in  this  connection.  It  must,  however,  be  borne  in  mind 
that  the  values  obtained  at  normal  temperature  might  not  correctly 
represent  the  state  at  the  melting  point,  since  some  change  might 
occur  on  cooling,  even  in  the  solid  state.  Moreover,  the  solubility 
might  be  appreciably  different  in  the  presence  of  the  other  elements 
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occnrring  in  commercial  irons  and  steels.  Further  study  in  this 
direction  was  very  desirable,  particularly  in  view  of  the  doubt  as 
to  how  far  such  dissolved  oxygen  was  revealed  by  the  residue 
methods. 

Regarding  alternatives  to  the  alcoholic  iodine  method  of  extrac- 
tion, there  would  appear  to  be  a  distinct  possibility  that  the  aqueous 
iodine  method  could  give  high  oxygen  figures  from  hydrolysis  of 
dissolved  iron.  The  apparent  contradiction  between  the  results 
given  by  this  method  for  oast  iron,  and  the  absence  of  any  indication 
of  oxygen  in  the  micrographic  study,  might  be  explained  in  this 
way,  but  the  amount  found  in  the  residue  was  small,  and  other 
explanations  such  as  complete  solubility  of  the  oxygen  in  the  metal 
or  masking  of  oxide  inclusions  by  the  other  inclusions  present, 
were  equally  possible.  Care  in  interpreting  results  by  this  method 
was  evidently  desirable  until  such  points  of  doubt  had  been  finally 
settled. 

The  chlorine  method  of  extraction  had  been  very  fully  studied 
and  was  capable  of  giving  results  similar  to  those  by  the  alcoholic 
iodine  method,  but  the  latter  still  appeared  to  be  the  most  satis- 
factory residue  procedure  so  far  devised,  particularly  with  regard 
to  the  development  of  reliable  and  speedy  routine  testing. 

In  conclusion  it  could  be  said  that  here  we  had  a  most  complex 
subject  very  difficult  to  handle  experimentally  which  was  being 
developed  by  Dr.  Swinden's  Committee  in  a  masterly  manner. 
Already,  the  subject  had  largely  been  cleared,  and  the  work  in  the 
near  future  bids  fair  to  completely  achieve  results  which  could  not 
fail  to  be  of  immeasurable  value  to  those  interested  in  the  scientific 
aspects  of  steel  metallurgy. 

Dr.  A.  McCance  (Member  of  Council;  Messrs.  Colvilles,  Ltd., 
Glasgow)  wrote  that  this  Report  recorded  a  further  stage  in  the 
development  of  the  technique  for  making  oxygen  determinations 
of  practical  aid  to  steelmakers  in  the  works.  The  progress  made 
since  the  Oxygen  Sub-Committee  took  the  matter  in  hand  had  been 
quite  marked,  and  the  work  of  Dr.  Swinden  and  his  colleagues  was 
greatly  appreciated  by  everyone  in  the  industry. 

In  spite  of  the  progress  made  with  the  vacuum  fusion  method, 
it  still  unfortunately  remained  essentially  a  method  for  the  labora- 
tory, requiring  careful  and,  above  all,  intelligent  handling  and 
skilled  control. 

Its  chief  drawback  was  the  length  of  time  required  for  de- 
gassing. While  the  oxygen  determination  itself  could  be  done 
quickly,  the  period  of  2-3  hr.  necessary  to  reduce. the  blank  to  a 
manageable  size  was  a  distinct  disadvantage.  The  possibility  of 
substantially  reducing  this  time  was,  no  doubt,  occupying  the 
attention  of  the  Sub-Committee,  and  it  was  to  be  hoped  that  they 
would  be  successful  dining  the  next  stages  of  their  work  in  dealing 
with  this  admittedly  difficult  problem.     Only  when  this  had  been 
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solved  could  the  development  of  more  robust  apparatus  suitable 
for  handling  in  the  steelworks  be  proceeded  with. 

Even  in  its  present  form,  of  course,  there  was  still  much  useful 
investigation  work  to  be  done.  The  two  main  problems  of  deter- 
mining and  identifying  the  gas  content  in  steels  and  the  fractional 
separation  of  inclusions  received  adequate  attention  in  the  Report. 

In  connection  with  the  latter,  it  might  be  necessary  to  change 
the  outlook  on  the  problem  and  consider  less  the  total  oxygen  given 
off  at  any  temperature  than  the  rate  of  evolution  at  different 
te&iperatures. 

In  the  case  of  a  pure  oxide  mixed  with  excess  carbon,  the  rate 
of  reduction  would  depend  on  the  reaction  pressure  of  the  evolved 
gases,  which  would  be  a  mixture  of  CO  and  CO2,  with  the  CO 
predominating. 

If  the  rate  of  evolution  was  determined  at  several  tempera- ' 
tures,  the  curve  connecting  these  two  quantities  would  be  char- 
acteristic of  the  oxide  concerned,  and  it  should  be  possible  to 
identify  not  only  the  pure  oxides  in  this  way  but  also  to  some 
extent  mixtures  of  two  oxides.  At  any  rate,  oxide  inclusions  could 
be  classified,,  and  perhaps  identified,  where  there  were  not  too  many 
classes  involved. 

Another  method  that  might  be  considered  was  to  determine  the 
actual  pressure  attained  at  any  given  temperature,  and,  using  the 
well-known  relation  between  the  logarithm  of  this  pressure  and 
the  temperature,  to  identify  the  reactants.  Some  modification  of 
the  existing  apparatus  would  probably  be  required  for  this  purpose, 
as  means  for  introducing  a  back  pressure  of  CO  would  be  necessary 
and  the  pump  no  longer  required,  but  these  were  details  to  whidbi 
the  Sub-Committee  would  doubtless  give  thought  as  opportunity 
arose. 

The  possibilities  of  useful  work  were  limitless,  and  the  Sub- 
committee could  be  congratulated  not  only  on  what  they  had 
already  achieved  but  on  the  inviting  prospect  of  future  work  which 
lay  before  them. 

Mr.  W.  A.  Baker  (British  Non-Ferrous  Metals  Research  Associa- 
tion, London)  \^Tote  that  in  Section  II.,  Part  A,  reference  was  made 
to  errors  arising  from  surface  oxidation  and  further  work  on  this 
point  was  contemplated.  He  would  suggest  that  attention  should 
also  bo  given  to  another  source  of  error  arising  from  the  use  of 
samples  with  a  high  surface-area /volume  ratio,  namely,  that  due 
to  aidsorbed  moisture,  &c.  Adsorbed  gases  might  be  removed  in 
the  initial  out-gassing  of  the  vacuum  nision  apparatus,  but  other 
methods  of  analysis  might  be  liable  to  serious  error  from  this  source. 
The  magnitude  of  the  possible  error  arising  from  this  cause  was 
indicated  by  the  work  of  Schmid  and  von  Schweinitz.  These 
workers  used  vacuum  fusion  and  ionic  bombardment  methods  and 
demonstrated   that   the   large   quantities   of  gas   extracted   from 
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samples  of  aluminium  derived  mainly  from  moisture,  &c.,  adsorbed 
on  me  surface  of  the  sample.  In  the  course  of  the  British  Non- 
Ferrous  Metals  Research  Association's  investigations  on  welding, 
similar  results  were  obtained,  again  on  aluminium  samples,  using 
the  apparatus  which  the  writer  recently  described  ^  for  the  estima- 
tion of  oxygen  in  metals  by  hydrogen  reduction.  The  procedure 
for  estimating  oxygen  consisted  in  heating  the  sample  in  a  closed 
system,  initiculy  evacuated,  containing  a  small  excess  of  hydrogen, 
the  resultant  water  vapour  being  condensed  during  the  reduction 
and  subsequently  vaporised,  and  its  amount  determined  by  observ- 
ing its  vapour  pressure  (hydrogen  could  be  equally  well  determined 
by  using  instead  a  small  excess  of  oxygen).  In  using  this  method 
he  had  not  observed  any  appreciable  blank  due  to  reduction  of  the  * 
silica  combustion  tube  by  nydrogen,  and  he  thought  it  was  likely 
that  the  large  blank  attributed  to  this  source  in  Section  VII.  of 
the  Report  was  due  rather  to  traces  of  oxygen  remaining  in  the 
hydrogen  prior  to  its  entry  to  the  combustion  tube.  By  using  an 
amount  of  hydrogen  only  moderately  in  excess  (2  to  3  times)  of 
that  required  to  combine  with  the  oxygen  in  the  sample  the  blank 
from  the  latter  source  was  reduced  to  negligible  proportions,  t.e., 
less  than  0-00002  g.  of  oxygen  per  reduction. 

Mr.  J.  H.  Whitbley  (Consett  Iron  Co.,  Ltd.)  wrote  that  the 
series  of  papers  comprising  this  Report  contained  much  information 
of  service  to  those  engaged  on  the  difficult  task  of  separating  and 
estimating  the  various  non-metaUic  inclusions  that  occurred  in  iron 
and  steel.'  The  work,  taken  as  a  whole,  marked  a  definite  step 
forward,  and  the  development  of  a  reliable  means  of  determining 
different  inclusions  other  than  sulphides  now  seemed  to  be  within 
the  bounds  of  possibility.  If  this  could  be  accomplished  the 
identification  of  these  particles  under  the  microscope  would  be 
geatly  faciUtated  as  would  the  study  of  their  origin  and  effects. 
The  attempt  to  solve  the  problem  by  fractional  vacuum  fusion, 
described  in  Part  B  of  Section  11.,  was  of  particular  interest,  since 
the  method  would  be  a  valuable  alternative  to  the  extraction 
process.  Unfortunately,  there  was  as  yet  no  criterion  that  the 
distribution  of  the  oxygen  in  the  inclusions  as  thus  indicated  was 
really  trustworthy.  This,  in  fact,  was  recognised  in  the  Report, 
for  in  Section  XI.  (p.  385  p)  it  was  remarked  that  there  was  *  no 
ultimate  or  infallible  check  on  the  accuracy  of  the  results."  The 
statement  then  followed  that  an  endeavour  would  be  made  to 
meet  this  need  by  incorporating  known  amounts  of  slag  and  minerals 
with  oxygen-free  iron.  Whether  this  plan  would  be  entirely 
successful  was  open  to  question,  for  it  could  not  be  taken  for 
granted  that  some  reduction  of  both  MnO  and  Si02  by  the  iron 
would  not  take  place. 

*  '*  The  Estimation  of  Oxygen  in  Metals,"  Journal  of  the  Institute  of  Metah, ' 
1939,  vol.  65,  p.  345. 
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In  considering  this  matter  it  occurred  to  the  writer  that  another 
way  in  which  the  fractional  vacuum  fusion  SiO.  and  AljOg  results 
might  be  checked  would  be  to  take  as  the  standard  of  comparison 
the  figures  obtained  by  the  alcoholic  iodine  method,  for,  whatever 
the  shortcomings  of  this  method  might  be,  it  should  at  any  rate 
extract  completely  both  SiOj  and  ALO3,  no  matter  in  what  form 
they  existed  as  particles.  As  far  as  he  could  see,  the  only  likely 
sources  of  error  to  be  guarded  against  were  the  foUowing  : 

(1)  The  presence  in  the  residue  of  aluminium  carbide  or 
nitride  as  suspected  by  Rooney  (p.  347  p).  This  could,  of 
course,  be  avoided  by  using  steels  to  which  no  aluminium 
had  been  added.  The  possible  presence  of  silicon  carbide 
should  also  not  be  overlooked,  and  to  ensure  that  no  error 
was  introduced  from  this  cause  it  might  be  preferable  to  kill 
the  metal  with  phosphorus  instead  of  silicon. 

(2)  The  retention  of  silicates  or  aluminates  in  solid  solution 
in  the  MnS  inclusions.  As  to  the  extent  of  such  solubility 
there  was  little  available  evidence ;  it  was  probably  negligible 
but,  as  a  safeguard,  steels  with  a  very  low  sulphur  content 
could  be  used. 

Taking  these  precautions,  and  given  a  uniform  distribution  of 
the  inclusions,  the  results  for  Si02  and  AljOo  yielded  by  the 
alcoholic  iodine  method  should  be  correct,  thus  enabling  the 
accuracy  of  the  fractional  vacuum  fusion  method  for  these  two 
substances  to  be  measured. 

Some  support  for  this  suggestion  appeared  from  an  examination 
of  the  results  presented  in  Tables  III.,  IV.  and  VII.,  where  deter- 
minations both  by  the  alcoholic  iodine  and  by  the  fractional  vacuum 
methods  were  recorded.  In  reviewing  these  results  it  was  assumed 
that  aluminium  had  been  added  to  sample  433  and  to  that  belonging 
to  Table  IV.  but  not  to  sample  M5y  and  the  supposition  was  then 

Table  A. — Comparison  of  Oxygen  Results  obtained  by  the  AlcoJudic 
Iodine  and  the  Fractional   Vacuum  Fusion  Methods. 
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made  that  the  difference  between  the  total  oxygen  obtained  by  the 
iodine  extraction  and  that  found  by  ordinary  vacuum  fusion,  which 
in  nearly  every  instance  was  the  lesser  of  the  two,  was  due  to  the 
presence  of  alumim'um  carbide  and /or  nitride.  This  difference  was 
accordingly  deducted  from  the  oxygen  percentage  in  the  AlgOj  as 
estimated  hy  the  iodine  method,  and  the  amounts  of  SiOj  and 
altered  AI2O0  were  then  compared  with  those  estimated  by  the 
other  method.  It  was  recognised,  of  course,  that  in  taking  the 
whole  of  the  difference  from  the  AlgOg  an  excessive  deduction  might 
have  been  made;  nevertheless,  as  shown  in  Table  A,  the  total 
oxygen  figures  for  Si02  and  AlgOg  by  the  two  methods  now  agreed 
remarkably  well,  and,  moreover,  the  proportionate  amounts  of  the 
two  substances  were  roughly  similar,  whereas  in  the  case  of  Plates 
No.  27  and  29  and  Cast  52308  (bottom).  Table  VII.,  they  were 
reversed. 

SVB'COMMITTEWS  REPLY. 

On  behalf  of  the  Sub-Committee,  Dr.  Swinden,  the  Chairman, 
thanked  the  various  contributors  for  the  encouraging  manner  in 
which  the  Report  had  been  received.  In  spite  of  war-time  condi- 
tions, definite  additional  progress  had  been  made,  and  appreciation 
of  that  progress  was  reflected  in  the  pressing  requests  that  further 
necessary  wojk  still  required  to  be  done  by  the  Sub-Committee. 

It  was  realised  fully  that  the  very  accurate  determination  of 
total  oxygen,  nitrogen  and  hydrogen,  by  the  vacuum  fusion  method, 
provided  figures  which  could  not  be  interpreted  with  the  desired 
completeness  in  the  absence  of  certain  knowledge  as  to  the  dis- 
tribution of  the  oxygen  present.  In  this  connection,  two  angles 
to  the  problem  presented  themselves,  namely,  (a)  the  post-mortem 
examination  of  non-metaUic  inclusions,  and  (h)  the  more  important 
determination  of  the  FeO-MnO  fraction  on  the  steelmaking  stage, 
raised  by  Mr.  Percival  Smith  and  by  Dr.  Sarjant.  The  latter 
determination  was  one  of  the  definite  objectives  of  the  Sub- 
Committee. 

At  the  present  time,  there  were  two  methods  of  approach 
apparently  possible,  namely,  conversion  of  the  oxygen  present  into 
an  insoluble  form  with  chemical  extraction,  or  vacuum  fusion  in  a 
comparatively  robust  equipment,  incorporating  a  Willems  tap. 
So  far  as  the  Sub-Committee  were  aware,  the  latter  method  had  not 
yet  been  practised,  but  there  were  possibilities,  when  certain  prac- 
tical difficulties  had  been  overcome.  In  any  furnace-stage  proce- 
dure, however,  the  question  of  sampling  was  as  important,  if  not 
more  important,  than  the  actual  extraction  of  the  oxygen  present, 
and  it  was  in  this  preliminary  operation  that  initial  research  should 
be  directed.  In  regard  to  the  examination  of  non -metallic  inclu- 
sions, several  contributors  had  discussed  the  various  residue  methods 
and  the  fractional  vacuum  fusion  procedure. 
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Mr.  Vernon  Harbord  and  Mr.  Oliver  mentioned  the  occurrence 
of  sub-microscopic  inclusions,  and  this  subject  was  discussed  fully 
in  regard  to  pig  and  cast  irons  by  Mr.  Pearoe  in  Section  VI.,  Part  B 
of  the  Report. 

Qf  the  two  suggestions  to  explain  the  apparent  contradiction 
between  the  chemical  and  micrographic  results  on  pig  and.  oast  iron, 
both  were  possible,  and  the  next  step  was  to  consider  the  solubility 
of  oxides  and  silicates  in  such  particles  as  manganese  sulphide. 
While  agreeing  with  Mr.  Whiteley  that  the  solubility  of  silicates  . 
and  aluminates  in  manganese  sulphide  might  be  low,  there  might 
be  sufRcient  manganese  sulphide  present  in  pig  and  oast  irons  to 
effect  appreciable  solution  of  the  total  proportion  of  oxides,  silicates 
or  aluminates  present,  thereby  masking  these  inclusions  against 
visual  observation.  * 

Dr.  Hatfield's  criticism  of  the  chlorine  method  was  not 
justified  on  consideration  of  the  results  obtained  up  to  the  present 
time  on  solid  steels.  The  Sub-Committee  regarded  the  chlorine 
method  as  being  definitely  valuable,  particularly  for  materials 
containing  caxbide-forming  elements,  which  vitiated  the  alcoholic 
iodine  method. 

With  reference  to  Dr.  Hatfield's  suggestion  that  iron  might  be 
hydrolised  in  the  aqueous  iodine  procedure,  this  possibility  had  been  « 
recognised  by  all  workers  on  the  method.  This  hydrolysis  and 
consequent  formation  of  ferric  hydroxide  and  of  hydriodic  acid  was 
the  probable  reason  for  the  increase  in  pH.  value  to  which  reference 
was  made  on  p.  362  p  of  the  Report.  In  the  treatments  accompany- 
ing the  aqueous  iodine  method,  the  ammonium  citrate  dissolved 
the  hydroxide.  Tables  XXXII.  to  XXXV.  inclusive  of  the  Sub- 
Committee's  Second  Report  ^  showed  that  prolongation  of  the 
citrate  treatment  resulted  in  a  constant  oxide  value,  which  implied 
that  the  whole  of  the  hydroxide  had  been  removed,  and  hence  was 
not  available  to  increase  the  oxygen  content  of  the  residue.  Evi- 
dence was  also  given  in  the  present  Report  of  checks  between  the 
aqueous  iodine,  aluminium  reduction  and  vacuum  fusion  methods. 

The  Sub-Committee  were  particularly  happy  to  have  Mr.  BaJcer's 
contribution  in  regard  to  high  hydrogen  figures,  resulting  from 
adsorbed  moisture  on  the  surface  of  samples  submitted  to  ionic 
bombardment.  In  Mr.  Sloman's  paper.  Section  II.,  Part  A  of  the 
Report,  reference  was  made  to  the  work  of  Schmid  and  von 
Schweinitz,  in  which  criticism  was  made  of  the  work  of  Chaudron 
on  ionic  bombardment,  for  this  reason.  As  stated  in  Mr.  Sloman's 
paper,  an  apparatus  had  been  constructed  at  the  National  Physical 
Laboratory  to  check  the  discrepancy  in  the  hydrogen  results  by  the 
two  methods.  The  Sub-Committee  did  not  consider  that  the  blank 
in  the  hydrogen  reduction  method  was  caused  by  oxygen  in  the 
hydrogen,  as  suggested  by  Mr.  Baker,  as  this  would  be  a  constant 

*  Eighth  Report  on  the  lloterogeneity  of  Steel  Ingots,  pp.  37-234,  Iron  and 
Steel  Institute,  1939,  Special  Report  No.  25. 
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value.  They  considered  reduction  of  the  refractory  tube  to  have 
taken  place,  as  the  value  of  the  blank  increased  with  increasing 
temperature. 

The  Chairman  was  particularly  gratified  at  the  continued 
interest  shown  in  the  fractional  vacuum  fusion  method,  and  the 
operators  of  this  method  were  indebted  to  Dr.  McCance  and  Mr. 
Whiteley  for  their  very  constructive  proposals  for  future  work. 
The  Stocksbridge  laboratory  had  repeatedly  stated  that  the  actual 
values  of  the  fractions  were  not  an  infallible  measure  of  the  separate 
non-metaUics  present  in  all  classes  of  steel.  Rates  of  reduction  of 
the  different  fractions  had  often  been  utiUsed  in  interpreting  the 
results  of  fractional  analyses.  Dr.  McCance's  suggestion  that  the 
rate  of  evolution  of  gas  from  the  various  fractions  and  Mr.  Whiteley's 
proposal  that  alcoholic  iodine  silica  and  alumina  values  be  used  as 
standards  "  for  comparison  were  readily  accepted  in  connection 
with  future  research  on  the  method.  It  should  be  noted,  however, 
that  the  Sub-Committee  suspected  that  the  alumina  figures  from 
the  alcoholic  iodine  method  in  certain  steels  might  be  high,  owing 
to  possible  carbide  interference.  Mr.  Rooney  was  actually  working 
on  a  series  of  aluminium  steels,  made  specifically  to  check  this  and 
other  factors,  in  connection  with  alumina  in  the  alcoholic  iodine 
method.  Dr.  Hatfield's  suggestion  that  the  results  obtained  by  the 
fractional  method  were  unreliable  was  not  justified  by  the  results 
obtained,  many  of  which  were  in  very  close  agreement  with  those 
of  residue  methods.  The  time-rate  of  reducibiUty  of  the  fractions, 
as  stated  earlier,  was  also  a  very  useful  feature  of  the  method. 

Dr.  Sarjant  raised  the  question  of  the  relative  accuracy  of  the 
various  methods.  In  the  Sub-Committee's  opinion,  the  vacuum 
fusion  method  when  applied  to  homogeneous  billet  or  bar  samples 
was  at  least  as  accurate  as  other  standard  methods  of  chemical 
analysis.  Under  similar  conditions  of  sampling,  the  various  opera- 
tors of  the  residue  methods  claimed  almost  equal  accuracy,  with  few 
exceptions,  most  of  which  were  known. 

Mr.  Oliver's  study  of  steelmaking  methods  and  deoxidation  con- 
trol was  very  interesting,  being  similar  to  other  studies  made  by 
the  Chairman  for  the  same  purpose.  Unfortunately  much  of  the 
early  work  prior  to  the  formation  of  the  Sub-Committee  had  been 
valueless,  because  the  early  oxygen  methods  gave  unreliable  results. 
In  consequence,  the  early  data  had  to  be  discarded  and  built  up 
again,  when  a  truer  realisation  of  the  significance  of  the  various 
methods  had  been  achieved. 

The  Sub-Committee  were  continuing  their  work  in  the  sure 
belief  that  the  data  being  obtained  as  a  result  thereof  would  con- 
tribute very  materially  to  a  fuller  understanding  of  the  physical 
chemistry  of  steelmaking. 


fBj.*^-^ri 
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THE  FORMATION  AND  PROPERTIES  OF 
MARTENSITE  ON  THE  SURFACE  OF 
ROPE  WIRE. 

By  E.  M.  TRENT,  M.Met.,  Ph.D.  (The  Royal  School  of  Minbs, 

London). 

(Flgi.  1  to  S8-PUtot  L.  to  UIL) 

Summary. 

The  occurrence  of  thin  layers  of  martensite  on  the  worn  surfaces 
of  wires  in  wire  ropes  used  for  mining  is  described.  These  layers 
are  very  easily  cracked,  and  the  cracks  lead  to  a  rapid  failure  of 
the  wires  through  fatigue.  This  produces  a  very  dangerous  form  of 
deterioration,  particularly  in  minmg  haulage  ropes. 

During  friction  the  rope  may  frequently  seize  or  weld  locally  on 
to  the  object  against  which  it  is  rubbing,  and  a  thin  layer  of  the 
object  may  be  torn  away  and  remain  adherent  to  the  wire  surface. 

The  metedlurgical  structures  of  these  thin  layers  are  described. 
Martensitic  surfaces  similar  to  those  found  in  service  were  reproduced 
on  wires  in  the  laboratory  by  a  number  of  methods,  such  as  striking 
the  wire  a  glancing  blow  with  a  hardened  steel  tool  or  rubbing  the 
wire  with  a  steel  tool  under  heavy  pressure.  These  lasers  are 
examined  metedlurpcally  and  their  effect  on  the  mechanical  pro- 
perties of  the  wire  is  examined  briefly.  The  cause  of  a  certain  type 
of  corrosion  pitting  known  as  "  chain  pitting,**  which  occurs  in  service 
on  the  worn  surfaces  of  wires  in  haulage  ropes,  is  traced  to  a  localisa- 
tion of  corrosion  at  cracks  in  a  martensitic  surface. 

♦  Intboduotion. 

WntB  ropes  used  in  mining,  in  particular  haulage  ropes,  are 
frequently  subject  to  severe  wear  in  service.  This  wear,  by  reducing 
the  cross-sectional  area  of  the  outer  wires,  gradually  reduces  the 
strength  of  the  rope.  A  more  serious  effect  where  severe  wear 
takes  place  is  the  formation  of  a  brittle  surface  on  the  wire.  Cracks 
are  formed  in  this  brittle  surface  and  these  can  lead  to  the  rapid 
failure  of  the  outer  wires  before  they  have  been  seriously  reduced 
in  cross-section.  This  type  of  deterioration  is  more  difficult  to 
detect  by  inspection,  and  is  therefore  more  dangerous.  In  a  recent 
case  examined  by  the  Safety  in  Mines  Research  Board  a  haulage 
rope  failed  after  only  six  months'  service.  Examination  on  the 
day  before  failure  had  revealed  no  defect.  Investigation  after 
failure  showed  that  the  outer  wires  had  been  reduced  in  diameter 
by  only  11%,  while  the  general  recommendation  of  the  Sfirfety  in 
Mines  Research  Board  with  regard  to  wear  is  that  a  round  strand 
rope  becomes  unsafe  and  ''  should  not  be  allowed  to  remain  in 
service  after  40%  of  the  thickness  of  the  outer  wires  has  been  worn 
away  at  the  worst  point." 

1941— i  D  D 
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In  this  case  the  deterioration  had  been  caused  by  the  formation 
of  a  brittle  layer  on  the  worn  surface.  Examination  of  sections 
of  the  wires  under  the  microscope  showed  the  presence  of  a  layer 
of  martensite,  of  maximum  thickness  approximately  0*003  m., 
covering  a  large  area  of  the  wt>m  surface.  Cracks  formed  in  this 
martensitic  layer,  which  was  very  brittle,  caused  the  fieulure  of 
twenty  out  of  the  thirty-six  outer  wires  in  the  rope  at  the  point  of 
fracture. 

The  presence  of  such  martei^itic  layers,  caused  by  a  rapid 
heating  and  cooling  of  the  immediate  surface  of  the  wires  during 
friction,  has  been  knowji  for  some  time.  It  was  described  by 
Atkins  in  a  paper  to  the  Iron  and  Steel  Institute  in  1927,^^^  and  a 
more  detailed  description  is  given  in  the  Annual  Report  of  the 
Safety  in  Mines  Research  Board  for  1934.^2'  The  importance  of 
these  martensitic  layers  as  a  factor  in  the  deterioration  of  wire 
ropes,  however,  has  been  underestimated.  The  following  figures 
indicate  the  frequency  with  which  martensite  occurs  and  its  im- 
portance as  a  cause  of  failure  in  mining  haulage  ropes.  Of  the  last 
thirty-five  haulage-rope  breakages  examined  by  the  Safety  in  Mines 
Research  Board,  two  were  capel  failures.  Of  the  remaining  thirty- 
three,  twenty-four,  or  72%,  showed  the  presence  of  a  layer  of 
martensite  on  the  worn  surfaces,  whUe  in  the  case  of  thirteen,  or 
39%,  the  martensite  was  definitely  an  important  contributory 
cause  of  failure.  Because  of  its  importance  in  this  respect  further 
investigations  into  the  mechanism  of  the  formation  and  the  pro- 
perties of  the  martensitic  layers  were  carried  out. 

StBUCTUBB   of  THE  MARTENSITIC  LAYERS. 

* 

The  area  covered  by  any  one  layer  of  martensite  on  the  worn 
surface  is  comparatively  small  and  in  the  form  of  a  narrow  strip. 
This  strip  extends  along  the  worn  surface  of  the  wire  in  the  direc- 
tion of  rubbing,  that  is,  in  the  direction  of  the  axis  of  the  rope. 
In  the  case  of  a  Lang*s-lay  rope  the  strip  extends  diagonally  across 
the  worn  surface  of  the  wire.  If  the  worn  surface  is  polished  and 
etched  the  strips  of  martensite  show  up  white  against  a  dark  back- 
ground, as  illustrated  in  Fig.  1.  When  the  wire  is  sectioned  through 
the  worn  surface,  polished  and  etched  in  1%  nitric  acid  in  alcohol, 
the  martensite  appears  as  a  white  or  slightly  yellow  structureless 
layer  sharply  separated  from  the  sorbite  of  the  normal  wire  (Pig.  2). 
This  layer  noriniGdly  varies  in  thickness  from  approximately  O-OOOI 
in.  to  0-0035  in.  In  cross-section  the  strips  are  lenticular  in  shape, 
being  thickest  towards  the  centre  and  decreasing  in  thickness  towards 
the  sides,  the  total  width  of  the  strip  being  usually  not  more  than 
0-03  in.  The  small  size  of  the  martensitic  areas  indicates  that  the 
area  of  contact  between  the  wire  and  the  rubbing  agent  is  very  small 
and  thus  the  local  pressure  may  be  very  high. 

In  many  cases  the  wire  surface  has  been  subjected  to  friction  a 
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great  maHy  times.  The  layers  of  martensite  thus  formed  frequently 
overlap,  and  a  typical  structure  is  seen  in  Fig.  3.  This  is  a  longi- 
tudinal section  through  the  worn  surface  of  a  wire.  The  first*  layer 
of  martensite  that  was  formed  is  the  white  area  furthest  to  the  right 
in  the  micrograph ;  it  originally  covered  almost  the  whole  area  of 
the  surface  shown  here  in  section,  and  it  gradually  decreased  in 
thickness  towards  the  right.  The  second  layer  was  caused  by 
further  friction  on  the  surface  already  covered  with  martensite; 
this  is  the  white  area  towards  the  l^fb  of  the  micrograph.  The  two 
layers  are  separated  by  a  dark  band ;  this  was  the  result  of  a  tem- 
pering of  the  first  layer  of  martensite,  which,  at  this  point,  was 
reheated  by  the  friction  to  a  temperature  below  700°  C.  In  some 
cases  several  layers  of  martensite  are  produced  one  on  top  of  the 
other,  the  last  layer  formed  in  each  case  tempering  the  layer  im- 
mediately preceding  it,  so  that  the  layers  are  separated  by  dark' 
bands. 

The  temperature  gradient  in  the  wire  caused  by  the  friction  is 
undoubtedly  very  steep.  A  rough  estimation  of  the  steepness  of 
this  gradient  can  be  made  from  the  tempered  layers  described 
above.  These  tempered  zones  are  usually  not  more  than  0-002 
in.  thick.  Supposing  that  the  minimum  temperature  required  to 
form  martensite  is  700°  C.  and  the  minimum  temperature  to  cause 
a  visible  darkening  of  the  martensite  is  400°  C,  then  there  is  a 
temperature  gradient  of  150°  C.  per  0*001  in.  of  the  tempered 
martensite.  It  is  possible  that  a  lugher  temperature  than  400°  C. 
might  be  required  to  produce  a  visible  darkening  of  the  martensite, 
owing  to  the  extremely  short  time  of  tempering,  but  the  figure 
given  above  may  be  regarded  as  a  rough  estimate.  It  may  be 
assumed  that  the  temperature  gradient  is  at  least  as  steep  in  the 
martensite — i.e.,  in  that  depth  of  the  steel  that  was  converted  to 
austenite — so  that  in  a  layer  of  martensite  0-003  in.  thick  it  is 
probable  that  the  surface  reached  a  temperature  of  at  least  1150°  C. 

The  heating  and  cooling  of  the  surface  layer  must  take  place  in 
a  very  short  space  of  time — a  matter  of  a  few  seconds  if  not  less. 
The  transformation,  on  heating,  from  sorbite  to  austenite  must 
proceed  very  rapidly,  and  this  is  facilitated  by  the  fact  that  in  rope 
wire  the  carbiae  is  very  finely  dispersed.  The  structure  of  the 
sorbite  is  either  not  resolvable  or  only  just  resolvable  at  a  magnifica- 
tion of  1000  diameters.  A  coarser  structure  would  require  either 
a  longer  time  or  a  higher  temperature  for  the  complete  transforma- 
tion to  austenite.  Where  there  are  ferrite  streaks  at  the  grain 
boundaries  of  the  steel  these  are  frequently  not  dissolved  into  the 
austenite  on  heating,  and  are  visible  in  the  martensite.  This  is 
probably  due  to  the  fact  that,  although  they  are  thin,  these  streaks 
of  ferrite  are  many  times  thicker  than  the  cementite  laminae  of  the 
sorbite,  and  hence  would  take  longer  to  dissolve.  The  very  rapid 
oooling  of  the  surface  layer  is  due  to  the  continuous  contact  of  the 
very  thin  heated  layer  with  the  main  body  of  the  wire,  which 
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remains  cold ;  the  cooling  is  mainly  due  to  conduction  through  the 
wire. 

The  martensite  etches  either  white  or  slightly  yellow  in  colour, 
depending  on  the  time  of  etching,  but  no  acioular  structure  is  de- 
veloped, probably  because  of  the  extremely  small  grain  size  pro- 
duced by  the  rapid  heating  and  cooling.  When  a  layer  of  martensite 
is  subjected  to  a  second  period  of  friction,  the  very  small  grain 
size  and  the  even  finer  distribution  of  the  carbide  again  faoiutate 
•its  rapid  transformation  to  austenite,  while  the  martensite  whioh 
is  reheated  to  a  temerature  below  the  critical  point  is  tempered, 
with  the  precipitation  of  very  finely  dispersed  carbide  padides. 
This  finely  dispersed  carbide  etches  very  rapidly  in  1%  nitric  acid 
in  alcohol,  quickly  becoming  jet  black. 

So  far,  only  martensitic  layers  formed  from  the  steel  of  the  wire 
itself  have  been  considered.  This  is  the  main  cause  of  surface 
brittleness  in  wires  firom  haulage  ropes.  If  the  worn  surfaces  of 
the  wires  are  examined  at  a  low  magnification  they  are  frequently 
seen  to  be  rough,  as  if  there  had  been  actual  seizing  of  the  wire  on 
to  the  object  against  which  it  was  rubbing.  If  a  wire  is  sectioned 
through  these  rough  areas,  the  extreme  outer  layer  of  the  martensite 
is  seen  to  be  by  no  means  homogeneous,  as  shown  in  Figs.  4, 5  and  6. 
At  least  a  part  of  this  material  is  apparently  iron  or  steel  whioh 
was  welded  on  to  the  wire  from  the  surface  against  which  the  wire 
was  rubbing  under  conditions  of  high  pressure  and  temperature. 
These  welded-on  layers  are  usually  extremely  thin  in  haulage  ropes 
(less  than  0*0005  in.)  and  for  this  reason  the  structures  are  difficult 
to  interpret.  Further  consideration  will  be  given  to  these  structures 
in  the  Section  on  experimental  work  below ;  from  the  latter  it  was 
concluded  that  the  welded-on  material  shown  in  Figs.  5  and  6  is 
a  fairly  high- carbon  steel  or  cast  iron,  while  that  shown  in  Fig.  4 
is  probably  mild  steel  or  wrought  iron. 

On  the  worn  surfaces  of  two  winding  ropes,  much  heavier  layers 
of  extraneous  material  were  found  welded  on  to  the  wire.  Fig.  7 
is  a  section  through  the  surface  layers  of  one  of  these.  The  ex- 
traneous material  here  consists  of  ferrite  with  numerous  slag 
particles,  welded  on  to  a  partially  tempered  layer  of  martensite 
formed  firom  the  steel  of  the  wire.  The  welded-on  material  is 
probably  either  wrought  iron  or  the  surface  layers  of  a  weld.  In 
the  second  case,  the  welded-on  material  was  obviously  a  mild  steel. 
It  hdd  been  welded  on  to  the  wire  from  a  mild-steel  plug  in  a  capel, 
against  which  the  wire  seized  when  the  rope  failed  at  the  capel. 
Examination  of  the  plug  showed  that  its  surface  layers  also  had 
heen  heated  to  a  high  temperature  and  that  thin  flakes  of  martensitic 
steel  (0'0005  in.  thick)  from  the  wire  had  been  welded  on  to  the  plug 
in  some  places. 

It  is  thus  demonstrated  that,  under  the  conditions  of  fiiction 
found  in  service,  the  rope  can  seize  or  weld  locally  on  to  the  object 
against  which  it  is  rubbing.    When  such  welding  takes  place  the 
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welded  materials  subsequently  break  apart,  either  (a)  at  the  weld, 
or  (6)  by  tearing  away  portions  of  the  wire  or  the  other  object. 
Which  of  these  occurs  depends  on  the  strength  of  the  weld  (i.e., 
on  the  temperature  and  pressure  of  welding,  &;c.)  or  on  the  strength 
of  the  two  materials  and  the  presence  in  them  of  cracks  or  other 
sources  of  weakness.  In  any  case  this  must  lead  to  rapid  wear 
of  the  object  against  which  the  rope  is  rubbing,  and  probably  also 
of  the  rope  itself.  Where  such  seizing  occurs  the  coefiGicient  of 
friction  wul  greatly  increase,  and  consequently  the  heat  generated 
will  also  be  much  greater  and  martensite  is  more  likely  to  be 
formed. 

The  Crackino  of  Mabtensitio  Layers. 

The  thin  layers  of  martensite  on  the  surface  of  the  wire  are  very 
brittle  and  can  withstand  very  little,  if  any,  plastic  deformation. 
Thus  it  is  usual  to  find  that  the  martensite  produced  on  rope  wires 
in  service  contains  numerous  cracks.  Two  cracks  are  seen  in  Fiff.  3 
and  one  in  Fig.  5.  An  examination  of  the  worn  surfaces  at  a  low 
magnification  frequently  reveals  a  whole  series  of  cracks  running 
across  the  wire,  as  shown  in  Fig.  1.  Once  a  crack  is  formed  in 
the  martensite  it  acts  as  a  stress-raiser.  The  bending  stress  induced 
in  the  wire — ^for  instance,  when  the  rope  passes  over  a  pulley — ^is 
concentrated  at  the  base  of  the  crack,  whicn  is  rapidly  deepened  by 
fatigue  until  the  wire  breaks.  The  wire  illustrated  in  Fig^7  thus 
failed  in  fatigue,  and  the  micrograph  shows  a  secondary  fatigue 
crack  starting  from  the  martensite.  In  wires  that  have  been 
fractured  by  a  single  application  of  a  bending  stress  at  a  cross- section 
containing  an  embrittled  surface,  it  is  frequently  found  that  the 
fracture  started  from  a  crack  in  the  worn  surface  and  proceeded 
for  a  certain  distance  in  shear.  Thus  a  crack  in  a  martensitio 
layer  constitutes  an  important  source  of  weakness  in  rope 
wire. 

These  cracks  are  most  frequently  found  at  or  near  a  point  where 
a  layer  of  martensite  has  been  reheated  by  the  overlapping  of  a 
second  layer,  as  in  the  case  of  the  two  cracks  shown  in  Fig.  3.  The 
stresses  set  up  by  the  heavy  pressure  and  friction  and  those  caused 
by  the  steep  temperature  gradients  involved  are  probably  the 
cause  of  the  cracking  of  the  martensite  in  most  cases.  It  is  possible 
that  the  pressure  of  the  rope  on  the  object  against  which  it  is  rubbing, 
by  causing  a  local  bending  of  the  wire,  would  itself  be  sufiGicient 
to  propagate  the  cracks  into  the  sorbite.  The  crack  shown  in 
Fig.  8  may  have  been  formed  in  this  way.  Thus,  sufl&ciently  high 
rubbing  stresses  may,  by  themselves,  cause  failure,  even  though  the 
actual  loading  stresses  on  the  rope  are  safe  and  the  pulley  diameters 
sufficiently  large. 

The  cracks  found  in  martensite  are  not  always  normal  to  the 
wire  surface  but  ai^e  often  bent  over,  as  shown  in  Fig.  6.  Here  the 
crack  was  originally  formed  in  a  direction  normal  to  the  surface 
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in  the  first  layer  of  martensite.  It  was  then  bent  over  to  the  left 
by  the  dragging  of  the  metal  involved  in  the  formation  of  the  second 
layer.  The  crack  was  finally  covered  over  by  the  layer  of  welded- 
on  material,  so  that  it  does  not  reach  the  surface  of  the  wire.  This 
bending-over  of  the  crack  was  possible  because,  during  the  time 
of  friction,  this  layer  of  the  metal  was  austenitic  and  at  a  temperature 
of  over  700°  G.  and  hence  was  highly  plastic.  In  this  case  it  is 
obvious  that  the  direction  of  friction  has  been  from  right  to  left. 
In  Fig.  9  the  crack  has  been  dragged  by  friction  in  both  directions, 
indicating  that  the  friction  occurred  while  the  rope  was  travelling 
both  to  the  left  and  to  the.  right. 

Experimental  Work  :   Laboratory  Production  of 

Martensitio  Layers. 

In  one  rope,  a  wire  which  had  been  damaged  by  a  blow  from 
a  sharp  object,  such  as  a  chisel,  was  found  to  have  a  layer  of  mar- 
tensite  on  the  cut  surface.  Wire  cut  by  hand  clippers  sometimes 
had  a  layer  of  martensite  on  the  clipp^  end,  as  shown  in  Fig.  10. 
It  was  found  that  on  crushing  a  wire  on  an  anvil  by  means  of  a 
blow  with  a  heavy  hammer,  the  wire  tended  to  split  longitudinaUy 
on  a  plane  at  approximately  45^  to  the  direction  of  the  blow.  A 
layer  of  martensite  was  formed  along  this  plane  when  sufficient 
defornrittion  had  taken  place ;  Fig.  1 1  depicts  across-seddon  through 
such  a  wire. 

These  preliminary  experiments  suggested  the  possibility  of 
reproducing  in  the  laboratory  the  martensitic  layers  on  the  wire 
surface  by  striking  the  wire  a  glancing  blow. 

The  wire  used  for  these  experiments  was  of  "  plough  steel " 
grade — a  grade  of  hard-drawn,  sorbitio  wire  of  a  type  used  for  wire 
ropes.  The  wire  was  0*1  in.  in  dia.,  with  a  tensile  strength  of  109 
tons  per  sq.  in.  In  the  reverse-bend  test  over  a  5-mm.  radius  it 
required  9  or  10  bends  through  180°  to  fracture  it.  The  number 
of  twists  to  failure  in  the  torsion  test  was  41  over  a  length  of  100 
diameters.     The  composition  of  the  wire  was  as  follows  : 

Carbon.  Manganese.  Silicon.  Sulphur.  Pbo«ptiorua. 

0-61%  0-70%  0112%  0036%  0-042% 

An  attachment  was  made  by  which  a  hardened  steel  tool, 
rounded  at  the  end,  was  fastened  to  the  pendulum  of  an  Izod 
impact  testing  machine.  The  wire  was  held  by  means  of  a  special 
grip  in  the  vice  of  the  machine ;  the  axis  of  the  wire  was  in  the  plane 
of  swing  of  the  pendulimi  and  the  wire  was  slightly  bowed.  The 
tool  thus  struck  the  wire  a  glancing  blow  and  the  energy  absorbed 
was  measured  in  foot-poun<£  on  the  scale  of  the  Izod  machine.  It 
was  found  that  when  the  energy  absorbed  was  below  8  ft.lb.  no 
martensite  was  formed  and  the  surface  was  merely  scored.  When 
the  tool  was  lowered  so  that  a  deeper  ''  cut "  was  taken,  the  wire 
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was  very  little  scored  and  a  layer  of  martensite  was  formed,  which 
increased  in  thickness  as  the  energy  absorbed  increased. 

The  tool  was  deeply  nicked  by  the  blow  and  that  part  of  the 
wire  on  which  martensite  was  found  had  increased  in  diameter  by 
0*001  in.  This  suggested  that  material  from  the  tool  had  been 
welded  on  to  the  wire.  This  was  confirmed  by  weighing  the  tool 
and  the  wire  before  and  after  the  operation.  The  wire  gained 
0*0021  g.  in  weight  while  the  tool  lost  0*0039  g.  on  the  average. 

Micro-examination  revealed  two  layers  in  the  martensite,  the 
outer  layer  being  formed  from  the  tool  and  the  inner  one  from  the 
steel  of  the  wire  itself  (Fig.  12).  The  inner  layer  consisted  of 
the  normal  slightly  yellow-coloured  martensite.  The  outer  layer 
was  much  whiter,  but  had  brown  irregular  markings  running 
vertically  through  it.  It  was  foimd  that  where  the  outer  layer 
was  cold- worked  after  the  formation  of  martensite,  as,  for  instance, 
where  the  wire  was  cut  with  clippers,  the  brown  markings  became 
an  interlacing  network  of  lines  and  the  whole  of  the  outer  layer 
etched  a  yellow-brown  colour.  Several  of  the  wires  were  tested 
in  fatigue,  and  Fig.  13  shows  a  fatigue  crack  starting  from  the 
martensite.  Where  the  fatigue  crack  passes  through  the  outer 
layer,  this  layer  has  been  cold-worked  and  the  brown  markings 
have  become  a  mass  of  interlacing  lines.  Under  high  magnification 
these  brown  markings  are  seen  to  be  a  series  of  very  fine  needles, 
(Fig.  14).  This  microscopical  evidence  indicates  that  the  majority 
of  the  outer  layer  at  first'  consisted  of  austenite  (which  etched 
white),  with  a  few  series  of  needles  of  martensite.  The  application 
of  cold-work  rapidly  converted  this  austenite  to  martensite.  The 
tool  from  which  the  austenitic  layer  was  formed  was  made  from 
a  plain  carbon  tool  steel  containing  approximately  1-2%  of  carbon. 
The  retention  of  so  much  austenite  in  a  plain  carbon  steel  is  most 
unusual  and  must  have  been  caused  by  the  exceptionally  rapid 
cooling  of  this  very  thin  layer. 

These  structures  very  closely  resemble  the  structures  described 
above  which  are  foimd  in  the  outer  layers  of  martensite  on  some 
rope  wires  from  service — compare  the  structures  in  Figs.  12  and  13 
with  those  in  Figs.  5  and  6.  In  Fig.  5  the  material  above  the  crack 
has  apparently  been  cold-worked  atid  transformed  entirely  to 
martensite.  In  these  cases  the  layers  are  thinner  and  it  is  not 
possible  to  show  up  the  needle  structure  of  the  martensite  formed 
in  the  austenite.  It  must  be  deduced  from  these  structures  that 
the  rope  had  been  rubbing  against  some  steel  high  in  carbon,  or  a 
cast  iron. 

Pbopbbtibs  of  thb  Mabtbnsitio  Laybbs. 

The  martensitic  layers  produced  in  the  laboratory  were  easily 
cracked  by  bending  the  wire  through  a  small  angle,  e.g^.,  through 
an  angle  of  20"^  over  a  radius  of  approximately  ^4n.  In  the  reverse- 
bend  test  over  a  5-mm.  radius,  a  wire  with  martensite  on  the  surface 
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broke  after  7  bends,  while  a  wire  without  martensite  withstood 
9  or  10  bends.  Cracks  were  formed  during  the  first  bend,  and 
Fig.  15  shows  the  crack  formed  after  two  bends.  In  this  seyero 
test  the  fracture  was  propagated  mainly  by  shear,  with  large  tears 
accompanying  each  bend  to  produce  a  very  rough  fracture.  Fig.  16 
illustrates  some  of  the  cracks  produced  by  12  bends  through  ap- 
proximately 20"^  over  a  5-mm.  radius.  With  this  small  angle  of 
Dend  the  cracks  produced  were  much  more  smooth  and  more  like 
fatigue  cracks,  the  amount  of  tearing  accompanying  each  bend 
being  much  smaller.  Under  these  conditions  a  wire  with  a  layer 
of  martensite  contained  a  crack  penetrating  to  one-third  of  the 
diameter  after  12  bends,  while  a  wire  without  martensite  required 
45  bends  to  produce  the  same  result. 

It  has  not  been  possible  to  carry  out  a  full  series  of  fatigue 
tests  for  the  comparison  of  wires  with  and  without  martensitic 
coatings.  This  is  because,  in  producing  the  martensitic  coating 
as  described  above,  the  tool  slightly  nicks  the  wire  at  the  point  where 
it  first  comes  in  contact  with  the  wire.  The  wires  tend  to  fail  at 
this  damaged  part,  and  thus  the  results  of  the  fatigue  tests  cannot 
be  regarded  as  demonstrating  conclusively  the  effects  of  martensite 
on  the  fatigue  properties  of  the  wire.  The  results,  however,  indicate 
that  a  martensitic  coating,  starting  without  cracks,  has  little 
influence  on  the  fatigue  limit  or  on  the  number  of  reversals  to 
failure  up  to  a  stress  of  approximately  45  tons  per  sq.  in.  This 
might  be  expected,  since  tl^  tensile  strength  of  niartensite  is 
certainly  not  lower  than  that  of  the  sorbite  of  the  drawn  wire. 
However,  if  the  martensite  were  cracked  before  the  test  it  would 
be  expected  that  the  fatigue  limit  would  be  greatly  lowered,  sinoe 
these  cracks  would  act  as  stress  raisers.  Also,  if  the  reversed  stress 
were  raised  to  a  point  where. the  plastic  deformation  of  the  wire 
itself  was  comparatively  large,  the  martensite,  being  unable  to 
deform  plastically,  would  be  cracked  during  the  first  few  reversals 
of  stress  and  the  wire  would  fail  rapidly.  Thus  one  would  expect 
that  when  the  stress  was  raised  above  a  certain  point  the  wires 
with  a  martensitic  coating  would  prove  themselves  markedly 
inferior  to  the  normal  wire.  Such  a  tendency  is  indicated  by  the 
result  of  the  reverse-bend  test  through  a  small  angle  described 
above. 

The  martensitic  coating  appeared  to  have  little  effect  on  the 
tensile  strength  or  on  the  torsion-test  results. 

The  above  method  of  forming  martensite  by  means  of  a  rapid 
glancing  blow  probably  does  not  correspond  closely  to  the  con- 
ditions under  which  it  is  formed  in  rope  wire ;  here  the  martensite 
is  formed  by  a  slower  friction  with  heavy  pressure.  In  order  to 
reproduce  these  conditions  a  wire  was  fixed  to  the  travelling  table 
of  a  planing  machine,  and  was  worn  by  lowering  on  to  it  a  tool 
with  a  rounded  end.  At  first  a  tool  tipped  with  a  polished  pieoe 
of  tungsten  carbide  was  used.    13ie  wire  was  very  rapidly  worn, 
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a  poliahed  surface  being  produoed,  while  the  tool  itself  was  not 
marked.  The  worn  surface,  however,  was  not  excessively  brittle, 
and  no  martensite  could  be  detected  under  the  microscope.  A 
layer  of  martensite  was  produced,  however,  by  first  wecuing  the 
wire  with  a  tungsten-carbide  tool  to  produce  a  flat  surface,  and  then 
wearing  it  with  a  hardened  steel  tool,  which  tore  and  roughened 
the  surface  to  some  extent,  although  the  tool  itself  was  hardly 
marked.  From  the  appearance  of  the  wire  and  the  tool  it  seems 
that  some  seizing  took  place,  which  did  not  occur  with  the  tupgsten- 
carbide  tool.  Fig.  17  shows  a  section  through  the  martensite  thus 
produced.  The  speed  of  travel  of  the  wire  relative  to  the  tool 
was  approximately  0*4  ft.  per  sec,  which  is  less  than  one- tenth  of. 
the  maximum  speed  of  a  haulage  rope  in  service. 

Discussion. 

The  work  of  Bowden  and  his  co-workers <^*^  has  shown  that 
during  friction  there  is  a  considerable  rise  in  temperature  at  the 
interface.  For  pairs  of*  metals  such  as  lead  and  steel.  Wood's 
metal  and  steel,  constantan  and  steel,  &c.,  it  was  found  that  the 
surface  temperature  achieved  was  directly  proportional  to  the 
relative  velocity  of  the  two  surfaces  and  to  the  load,  until  the 
melting  point  of  the  lower-melting  metal  was  reached,  after  which 
no  increase  in  surface  temperature  occurred.  It  was  also  found 
that  in  most  cases  the  sliding  of  one  metal  over  the  other  took  place 
in  jerks,  the  surfaces  sticking  together,  then  slippii^  a  short  distance, 
then  slicking  again.  The  coefficient  of  friction  was  found  to  attain 
very  high  values  when  two  similar  metals  were  rubbed  together, 
and  in  this  case  seizing  readily  occurred  and  both  surfaces  were 

torn. 

*  * 

The  present  work  on  martensite  is  in  agreement  with  these 
results.  Since  the  pressures  associated  with  the  wear  of  haulage 
ropes  are  much  greater  than  those  used  by  Bowden,  one  would 
expect  to  find  higher  surface  temperatures  than  those  recorded  in 
his  work;  also  the  depth  of  the  high-temperature  zone  is  much 
greater.  The  seizing  oi  the  wire  with  the  object  against  which  it 
was  rubbing  is  also  in  agreement  with  the  process  of  sliding  as 
described  by  Bowden,  but,  once  again,  the  pressure  being  much 
higher,  the  actual  area  of  seizing,  or  welding-together,  is  probably 
considerably  greater. 

Since  the  quantity  of  heat  liberated  during  friction  is  propor- 
tional to  the  coefficient  of  friction,  and  since  the  coefficient  of  friction 
is  .highest  for  two  similar  metals,  one  would  expect  martensite  to 
be  formed  most  readily  when  steel  rubbed  against  steel.  As  de- 
scribed above,  when  a  wire  was  rubbed  with  a  tungsten-carbide 
tool  no  visible  layer  of  martensite  was  formed,  while  a  heavy  layer 
was  produced  with  a  hardened  carbon-steel  tool.  The  higher  co- 
efficient of  friction  and  the  higher  surface  temperatures  attained 
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between  two  similar  metals  are  undoubtedly  associated  with  the 
fact  that  seizure  and  welding  woidd  occur  more  readily  between  two 
similar  than  between  two  dissimilar  metals. 

A  white  iayer  a  few  thousandths  of  an  inch  in  thickness  is 
formed  on  the  bore  of  machine-gun  barrels  near  the  breech,  and  a 
recent  paper  by  Snair  and  Wood^^^  describes  this  layer.  The 
conclusion  is  reached  that  this  layer  consists  of ''  nitrides  in  solution 
and  not  martensite."  The  conditions  of  formation  of  this  layer, 
however — i.e.,  the  presence  of  ci^bon  monoxide  and  diospLde, 
methane,  nitrogen,  hydrogen  and  moisture  under  a  pressure  of 
51,000  lb.  per  sq.  in. — are  so  different  from  those  inyoived  in  the 
formation  of  the  layer  on  rope  wire  that  the  results  of  this  work 
seem  to  have  little  bearing  on  the  present  research.  The  evidence 
presented  of  the  tempering  of  the  layers  on  rope  wire,  &c.,  shows 
that  in  this  case  it  is  a  layer  of  martensite  and  not  a  layer  of  nitrides 
in  solution  that  is  being  dealt  with. 

A  NoTB  ON  Corrosion  Pitting  on  Worn  Surfaces  of 

Hattlage  Ropes. 

A  distinctive  form  of  corrosion  pitting  is  sometimes  found  on 
the  worn  siurfaces  of  haulage  ropes.  This  takes  the  form  of  chains 
of  pits  running  down  the  centre  of  the  worn  surfiBU)e,  as  shown  in 
Fig.  18.  It  was  noticed  that  this  pitting  was  frequently  associated 
with  the  presence  of  martensite.  Examination  of  the  pitted  surfiekce 
at  low  magnificatlbn  after  polishing  and  etching  revealed  in  nearly 
every  case  layers  of  martensite  on  the  unpitted  part  of  the  surfiBM)e 
with  cracks  running  into  the  pits,  as  shown  in  Fig.  19,  which  is  a 
plan  view  of  the  worn  a|;d  pitted  surface.  Micro-examination 
of  sections  through  the  pitted  surface  showed  that  in  many  cases 
the  corrosion  pits  undermined  the  martensitic  surface.  This 
suggested  that  the  pitting  might  be  caused  by  a  localisation  of 
corrosion  at  the  cracks  in  the  martensite.  It  is  difficult  to  prove 
this  by  the  examination  of  pitted  wires,  since  the  process  of  pitting 
proceeds  simultaneously  with  the  processes  of  wear  and  martensite 
formation,  so  that  evidence  of  the  original  cracks  from  which  the 
pits  were  formed  is  destroyed  in  the  process.  However,  the  presence 
of  cracks  and  the  undermining  of  the  martensite  by  corrosion 
indicate  the  probability  that  this  is  the  cause  of  pitting. 

An  attempt  was  msuie  to  reproduce  this  pitting  in  the  laboratory. 
Wires  coatea  with  martensite  by  striking  a  glandng  blow,  as  de- 
scribed above,  were  bent  so  as  to  crack  the  martensite.  The  wires 
were  then  immersed  in  a  1%  solution  of  sulphuric  acid  for  various 
periods  of  time  at  room  temperature  (approxunately  20°  C).  After 
6  hr.  small  areas  of  the  martensite  bietween  the  cracks  began  to 
flake  off,  being  completely  undermined  by  corrosion.  After  14  hr. 
comparatively  large  areas  of  martensite  had  flaked  off,  exposing 
corrosion  pits  of  considerable  depth.    Figs.  20  to  23  show  the  piro- 
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gross  of  corrosion.  Fig.  20  illustrates  a  craok  in  the  martensite 
before  corrosion.  Fig.  21  depicts  the  widening  of  the  crack  and  the 
formation  of  a  pit  in  the  sorbite  below  the  martensite  after  2  hr. 
corrosion.  Fig.  22,  taken  after  6  hr.  corrosion,  rev^s  a  consider- 
able deex)ening  and  extension  of  the  pit,  so  that  it  undermines  a 
much  greater  area  of  the  martensite.  Fig.  23  shows  a  deep  pit 
formed  after  14  hr.  corrosion,  with  some  flakes  of  martensite  still 
remaining  above  it. 

Although  these  tests  deal  only  with  one  corrosive  medium, 
they  show  that  corrosion  pits  can  be  formed  owing  to  cracks  in  the 
martensitic  surface.  This  pitting  may  be  due  eii£er  to  an  electro- 
chemical effect  caused  by  a  difference  in  potential  between  the 
martensite  and  the  sorbite  (enhanced  in  this  case  by  the  fact  that 
the  outer  layer  of  the  martensite  was  of  a  different  composition 
from  that  of  the  wire  itself)  or  to  differential  aeration,  causing 
localisation  of  corrosion  at  the  base  of  the  crack.  In  tJie  latter 
case  it  would  be  expected  that  corrosion  would  occur  at  any  crack 
in  the  steel,  whether  martensite  were  present  or  not.  There  is  some 
indication  that  this  may  be  so,  but  in  any  case  the  importance  of 
martensite  in  causing  pitting  is  not  diminished,  since  the  presence 
of  martensite  seems  to  be  the  main  cause  of  cracking  of  the  worn 
surface. 

Conclusions. 

(1)  The  formation  of  martensite  on  rope  wire  is  an  important 
cause  of  deterioration  and  failure  in  haulage  ropes,  and  can  also 
contribute  to  the  deterioration  of  winding  ropes. 

(2)  The  presence  of  martensite  on  the  worn  surfaces  of  the 
wires  may  lead  to  rapid  failure  of  the  rope  by  fatigue  before  inspec- 
tion reveals  that  the  rope  is  in  a  dangerous  condition.  Care  should 
be  taken  to  prevent  the  rape  from  rubbing  against  any  metal  object, 
such  as  seized  pulleys  or  rollers,  rails,  steel  sleepers,  roof  girders,  &c. 

(3)  In  rubbing  against  such  objects  the  rope  wire  may  seize 
on  to  them,  and  this  leads  to  the  rapid  wear  both  of  the  rope  and 
of  the  object  against  which  it  is  rubbing.  Thin  layers  of  metal 
may  be  welded  on  to  the  rope  wire,  owing  to  the  high  pressures  and 
temperatures  during  friction,  and  microscopical  examination  may 
be  able  to  give  an  indication  of  the  nature  of  the  material  against 
which  the  rope  was  rubbing. 

(4)  Under  certain  conditions  of  corrosion  the  presence  of 
martensite  containing  cracks  leads  to  the  formation  of  corrosion 
pits  on  the  worn  surface  of  wire.     When  these  pits  take  the  form  of 

'  chain  pitting  "  they  indicate  that  martensite  is  probably  present. 
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CORRESPONDENCE. 

(Fig.  A  -  Hale  LIIU.) 

Dr.  T.  Fairlby  (Park  Gate  Iron  and  Steel  Co.,  Ltd.,  Rotherham) 
wrote  that  the  hardness  of  cold-drawn  wires  was  by  no  means 
constant  across  the  cross-section.  The  material  within  a  few 
thousandths  of  an  inch  of  the  skin  was  usually  very  much  softer 
than  the  core.  Having  investigated  the  changes  in  hardness 
throughout  the  cross-sections  of  various  steel  wires,  he  was  very 
interested  in  Dr.  Trent's  paper,  particularly  in  his  experiments 
designed  to  reproduce  the  martensitic  layers  similar  to  those  found 
in  service. 

The  method  which  he  (the  writer)  had  used  was  to  mount  the 
wire  at  a  slope  of  1  in  10  in  a  specially  made  steel  holder,  then  to 
grind  down  the  specimen  until  an  elliptical  section  was  obtained, 
and  to  measure,  by  means  of  the  Vickers  diamond  hardness  testing 
machine,  the  hardness  at  every  succeeding  hundredth  of  an  inch 
along  the  major  axis  of  the  ellipse.  Thus  the  hardness  at  every 
succeeding  thousandth  of  an  inch  along  the  radius  of  a  wire  was 
obtained.  Accurate  micrographs  of  the  edges  of  cross-sections  of 
the  wires  were  made  in  order  to  measure  the  depth  of  observable 
dec^rburisa^ion.  On  comparing  the  hardness  figures  with  the  micro- 
graphs, it  was  found  that  the  softer  outside  extended  to  a  depth 
of  approximately  twice  the  depth  of  the  observable  decarburisation. 
Dr.  Trent  has  reached  his  conclusions  solely  from  micrographical 
inspection,  and  the  writer  felt  that  a  hardness  survey  of  his  specimens 
would  have  given  valuable  information. 

f  He  had  investigated  the  effect  of  progressive  cold-drawing  on 
the  internal  hardness  and  structure  oi  a  0*66%  carbon  steel  wjre. 
The  wire  was  cold-drawn  from  a  diameter  of  0*324  in.  to  a  diameter 
of  0*080  in.  in  nineteen  passes,  and  the  hardness  was  investigated 
at  various  stages  of  the  cold-drawing  process.  The  analysis  of  the 
wire  was  : 

Oarbon.  Biangaoese.  Sulphur.  Phosphorus. 

0*66%  0-56%  0*037%  0031% 

and  the  results  were  as  follows  : 


Total  Reduction 

Internal 

Surface 

Depth  of 

Diameter. 

of  Area. 

Hardness. 

Hardness. 

Soft  Zone. 

0*116  in. 

87-2% 

430 

340 

0*007  in. 

0*080  in. 

93-9% 

485 

410 

0*005  in. 

This  wire  might  be  compared  with  that  used  by  Dr.  Trent,  and 
it  was  important  to  note  that  the  depth  of  softening  was  approxi- 
mately 0*005  in.,  whilst  the  total  depth  of  martensite  and  austenite- 
martensite  layers  produced  in  Dr.  Trent's  experiment  was  less  than 
0-003  in.  (Fig.  12).  Owing  to  wear,  the  outsides  of  the  wires  used 
in  the  ropes  in  service  were  removed  and  the  material  where  the 
martensitic  layers  were  formed  would  be  truly  representative  of 
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the  wire,  whereas  in  the  laboratory  experiments  it  appeared  that 
none  of  the  outside  material,  of  the  wire  was  removed  and  it  was 
probable  that  the  carbon  content 'Vonld  increase  rapidly  firom  the 
surface  to  a  depth  of  a  few  thousandth  ,of  an  inch.  Also,  such 
decarburised  material  would  etch  white  and  might  give  rise  to  some 
doubt  in  the  interpretation  of  the  micrographs. 

Mr.  A.  ScHOLES  (Messrs.  Pattinson  and  Stead,  Middlesbrouffh) 
wrote  that  the  formation  of  layers  of  martensite  caused  by  firiction 
of  the  outer  wires  of  wire  ropes,  and  its  attendant  dangers,  had  been 
known  by  investigators  of  wire-rope  failures  at  a  much  earlier 
period  than  was  indicated  by  the  author. 

Dr.  Stead,  in  a  lecture  before  the  West  of  Scotland  Iron  and  Steel 
Institute  at  the  beginning  of  1912,^  referred  to  this  Wpe  of  failure. 
An  illustration  of  martensite  formation  on  the  sur&ce  of  a  wire 
taken  firom  a  winding  rope  and  another  showing  the  cracking  of 
this  brittle  layer  on  bending  were  included  in  the  account  of  the 
lecture  given  in  the  Journal  of  ihd-  above  Institute  (Figs.  15.  (a) 
and  15  (6)). 

In  the  course  of  investigations  of  wire-rope  failures  in  the  labora- 
tory of  Messrs.  Pattinson  and  Stead  over  a  period  of  more  than 
thirty  years,  numerous  examples  of  the  formation  of  martensite, 
or  **  frictional  hardenite  "  as  it  was  often  called,  had -been  found, 
and  the  writer's  experience  was  in  agreement  with  that  of  the 
author  as  to  the  frequency  with  which  martensite  was  the  cause, 
or  a  contributory  cause,  of  failure  in  haulage  ropes. 

He  could  also  confirm  the  author's  statement  in  his  conclusions 
with  regard  to  the  formation  of  martensite  on  the  surface  wires  of 
winding  ropes,  although,  as  would  be  expected,  it  was  not  a  common 
cause  of  failure  in  these  ropes,  as  in  the  case  of  haulage  ropes. 

He  had  met  with  one  or  two  rare  examples  of  martensite  forma- 
tion in  the  drawing  of  certain  types  of  rope  wire.  The  martensite 
was  probably  formed  by  the  temporary  seizing  of  the  wire  in  the 
die,  duo  to  lack  of  efficient  lubrication.  In  view  of  the  results  of 
experimental  work  by  the  author,  martensite  formation  from  this 
cause  was  much  less  likely  to  happen  with  the  use  of  the  modem 
tungsten-carbide  die  than  with  the  older  type  of  steel  die. 

There  was  one  point  in  connection  with  the  formation  of  mar- 
tensite on  steel-wire  surfaces  which  was  not  referred  to  by  the 
author,  and  that  was  the  effect  of  the  composition  of  the  steel  on 
the  formation  of  the  martensite  layer.  For  example,  under  similar 
frictional  conditions  martensite  layers  would  be  more  liable  to 
form  on  a  steel  wire  of  high  manganese  content  than  on  a  similar 
wire  of  low  manganese  content. 

The  author  gave  some  very  interesting  examples  of  the  welding 
on  the  surface  of  the  wire  of  material  from  the  object  with  which 

^  J.  E.  Stead.  Journal  of  the  West  of  Scotland  Iron  and  Steel  InstiiuU, 
1011-12,  vol.  19.  p.  160. 
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it  came  in  contact.  The  writer  had  met  with  a  few  examples  of 
a  welded-on  layer  of  extraneous  material,  but  in  the  great  majority 
of  wire-rope  failures  due  to  martensite  formation  which  he  had 
examined,  either  welding-on  did  not  take  place,  or  the  weld  must 
have  broken  at  its  junction  with  the  martensite  layer. 

In  conclusion,  he  would  like  to  congratulate  Dr.  Trent  on  the 
very  thorough  manner, in  which  he  had  investigated  the  problem 
of  the  formation  of  martensite  on  the  surface  of  rope  wire.  From 
the  practical  standpoint  he  had  done  a  great  service  in  pointing 
out  to  rope  users,  particularly  haulage-rope  users,  the  importance 
of  reducing  friction  on  the  surface  of  the  rope  to  a  minimum  in 
order  to  avoid  excessive  surface  overheating  from  this  cause. 

Dr.  R.  SCHKUBMAKN  (London,  Midland  and  Scottish  Railwav 
Company,  Research  Laboratory,  Derby)  wrote  that  Dr.  H.  O'Neill 
had  drawn  his  attention  to  the  author's  paper  in  which  the  suggestion 
was  made  that  imder  the  conditions  of  mction  found  in  service  a 
wire  rope  could  seize  or  weld  locally  on  to  the  object  against  which 
it  was  rubbing. 

"  Seizure  "  was  a  descriptive  term  which  covered  either  of  two 
observations :  The  relative  motion  between  two  solid  bodies  in 
frictional  contact  might  be  found  to  cease  when  the  tangential  force 
required  for  the  maintenance  of  sliding  increased  and  exceeded  the 
force  exerted  by  the  propelling  mechanism,  or  else  imder  con- 
ditions of  a  sufficiently  large  frictional  grip  at  the  true  boundary 
of  the  two  solids  sliding  might  be  found  to  continue  by  tearing  if 
the  shear  strength  of  the  surface  layers  of  one  of  the  friction  elements 
were  smaller  &an  the  external  force.  In  both  cases  Amontons' 
law,  according  to  which  the  tangential  force  of  friction  should  be  a 
constant  proportion  of  the  normcd  force  and  independent  of  the  area 
of  contact,  would  not  be  obeyed.  A  deviation  from  this  law  in 
the  direction  of  a  more  than  proportionate  increase  of  the  force  of 
friction  with  the  area  of  contact  would  not  afford  any  criterion  as 
to  the  mechanism  of  "  seizure  "  beyond  the  indication  that  the 
surfaces  in  frictional  contact  suffered  appreciable  damage.  Since 
"  seizure  "  occurred  whenever  the  force  of  friction  at  the  true 
boimdary  reached  a  value  which  balanced  the  external  tangential 
force,  it  was  obvious  that  it  depended  upon  the  operative  conditions 
whether  bodily  seizure  would  be  experienced.  For  instance,  a 
steel  pin  and  ring  might  be  assembled  in  a  machine  which  was  able 
to  exert  an  external  tangential  force  of  any  value  between  zero 
and  a  maximum  value  T^.  It  might  happen  that  the  pin  bodily 
seized  in  the  ring  when  the  force  of  friction  had  risen  to  a  value 
Fg  =  T^  —  X  where  0  <  X  <  T^.  An  increase  of  the  external 
force  from  T^  —  Xto  T^  might  not  suffice  to  initiate  further  relative 
motion  of  the  two  friction  elements,  so  that  it  would  be  necessary 
to  transfer  them  to  a  larger  machine  which  would  be  capable  of 
exerting  an  external  tangential  force  T^  >  T^  of  sufficient  magnitude 
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to  overcome  the  seizure  experienced  at  values  smaller  than  T^- 
If,  on  the  other  hand,  the  melting  point  of  the  lower-melting  material 
had  been  reached  at  the  contact  area  during  rubbing  between 
non-porous  solids,  the  deviation  from  Amontons'  law  would  be  in 
the  opposite  direction  to  that  mentioned  above,  because  the  molten 
material  would  act  as  a  lubricant — as  was  well  known,  for  instance, 
from  the  slipperiness  of  ice  near  its  meltjpg  point.  The  force  of 
friction  would  decrease  with  the  advent  of  thick-film  lubrication, 
and  the  speed  of  sliding  would  increase  correspondingly  if  the 
external  force  could  be  maintained  at  a  constant  value  throughout, 
so  that  lubrication  by  the  molten  surface  layers  would  persist,  and 
seizure  could  not  occur. 

If  local  welding  were  due  to  melting,  as  distinct  from  a  slow 
diffusion  process  in  the  solid  phase,  very  large  values  of  both  the 
force  of  friction  and  the  speed  of  sliding  would  be  required.  It 
was  quite  true  to  say  that  as  soon  as  the  surfaces  in  frictional  contact 
suffered  damage  the  particles  plucked  out  from  at  least  one  of  them 
would  act  as  cutting  tools,  and  at  a  uniform  rate  of  propulsion  the 
force  of  friction  would  increase,  so  that  the  amount  of  frictional 
heat  generated  over  a. given  path  of  sliding  would  increase  cor- 
respondingly. But  it  ought  to  be  borne  in  mind  that  at  every 
stage  the  temperature  of  the  surface  irregularities  was  determined 
by  the  equilibrium  between  the  generated  and  the  dissipated 
amount  of  heat,  and  that  the  dissipation  of  heat  by  conduction, 
radiation  and  convection  would  also  increase  with  the  temperature 
of  the  surface  irregularities,  so  that,  as  Bowden  and  Ridler  ^  had 
shown  experinfentally,  large  values  of  both  the  normal  load  and  the 
speed  of  sliding  were  requu*ed  to  achieve  an  appreciable  temperature 
rise.  And  this  was  in  agreement  with  Herbert's'  measurements 
of  the  temperature  generated  on  a  tool-steel  testing  machine. 
He  foimd  a  temperature  of  700^  C.  when  he  used,  for  instance,  a 
Stellite  tool  cutting  dry  under  standard  conditions  at  the  high 
cutting  speed  of  200  ft.  per  min.  The  consideration  of  thermal 
equilibrium  in  the  case  of  Bowden  and  Leben's^  experiments  on 
jerky  motion  would  lead  to  the  result  that  the  temperature  rise 
per  jerk  was  only  about  1°  C.  when,  for  instance,  a  silver  sphere 
was  held  against  a  uniformly  propelled  steel  plate,  and  each  jerk, 
covering  a  path  of  sliding  of  00017  in.,  was  completed  within 
0001  sec. 

It  was  unfortunate  that  in  the  author's  only  experiment  with 
dissimilar  friction  elements,  when  a  steel  wire  was  rubbed  with  a 
tungsten- carbide  tool,  no  visible  layer  of  martensite  was  formed, 

^  F.  P.  Bowden  and  K.  E.  W.  Ridler,  Proceedings  of  the  Royal  Socieiy, 
1936.  A,  vol.  164,  pp.  640-656. 

*  E.  G.  Herbert,  Proceedings  of  the  Institution  of  Mechanical  Engineers, 
1926.  vol.  1.  pp.  289-308. 

»  F.  P.  Bowden  and  L.  Leben,  Proceedings  of  the  Rojfol  Society,  1939,  A, 
vol.  169,  pp.  371-391. 
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whereas  a  heavy  layer  was  produced  with  a  hardened  carbon-steel 
tool.  The  author  had  thus  been  led  to  accept  Bowden  and  Leben's 
statement  that  the  coefficient  of  friction  would  be  ''  highest  for  two 
similar  metals/'  although  this  statement  did  not  cover  the  results 
obtained  by  these  authors  with  steel  sliding  on  steel.  The  ''  co- 
efficient of  friction  "  was  a  function  of  the  method  by  which  it  was 
determined  and  of  accidental  surface  contamination  rather  than  a 
physical  constant  of  any  given  material.^  The  process  of  sliding 
as  described  by  Bowden  had  been  discussed  elsewhere,^  where  the 
experimental  result  had  been  mentioned  that  the  coefficient  of 
static  friction  between  naked  metal  surfaces  cleaned  by  volatilisation 
in  a  high  vacuum  assumed  the  order  of  unity  at  room  temperature.^ 
Layers  of  adsorbed  and  condensed  matter  between  the  irregularities 
of  two  metal  siurfaces  in  frictional  contact  were  known  to  alter 
drastically  the  coefficient  of  friction,  and  with  the  same  friction 
elements  values  between  almost  zero  and  infinity  could  be  obtained 
with  a  given  external  tangential  force  when  both  the  thickness 
and  the  nature  of  the  film  of  foreign  matter  were  varied.^  Par- 
ticularly if  these  films  were  extremely  thin,  they  would  exert 
adhesive  properties  and  might  be  very  tenacious,  so  that  there  was 
no  necessity  to  assume  that  welding  would  take  place  during 
seizure.  Fpr  example,  a  small  leckd  cylinder  was  cast  on  to  a 
horizontal  glass  plate  in  air  at  atmospheric  pressure  and  tem- 
perature and  was  found  to  stick  to  the  plate  so  as  to  carry  a  nominal 
normal  stress  of  330  lb.  per  sq.  in.  The  coefficient  of  static  friction 
determined  by  inclining  the  glass  plate  was  infinity  in  this  cade, 
although  there  could  certainly  be  no  suggestion  of  welding.  The 
profoimd  influence  of  extremely  thin  films  of  foreign  matter  upon 
the  frictional  behaviour  between  a  steel  pin  and  ring  had  been 
studied^  with  a  "  press-fit "  technique  at  a  sufficiently  small  rate 
of  propulsion  that  sliding  proceeded  by  a  series  of  heavy  jerks  if 
the  surfaces  did  not  suffer  appreciable  tearing,  whereas  at  the  same 
small  rate  of  propulsion  sliding  proceeded  smoothly  if  the  conditions 
of  the  experiment  were  such  that  the  siurfaces  suffered  severe 
tearing.  In  these  latter  cases  marked  deviations  from  Amontons' 
law  were  observed,  and  bodily  seizure  of  the' pin  and  ring  was  ex- 
perienced when  the  force  of  friction  rose  to  a  value  which  exceeded 
the  capacity  of  the  16-ton  spring-balanced  recording  Buckton 
machine  in  which  the  friction  elements  were  assembled.  In  one 
of  these  cases  a  longitudinal  section  of  the  seized  elements  was 
prepared  and  examined  \mder  high-power  magnification.  This 
showed  that  particles  had  been  plucked  out  from  the  surfaces  and 

*  R.  Schnurmann,  Journal  of  Applied  Physics,  1940,  vol.  11,  p.  624. 
«  R.  Schnurmonn,  Engineer,  19.39,  vol.  168,  p.  278. 

*  R.    Schnurmann,    Proceedings    of   the   Physical   Society ,    in    course    of 
publication. 

*  R.  Schnurmann,  Nature,  1940,  vol.  145,  p.  553. 

*  R.  Schnurmann,  Engineering,  1940,  vol.  150,  pp.  236-237. 
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dragged  along,  but  surfaces  of  separation  were  clearly  visible. 
There  was  no  evidence  of  any  appreciable  discoloration  of  the  con- 
tact area,  as  would  have  been  expected  if  the  temperature  had  been 
high  enough  for  local  welding  to  occur. 

Direct  experimental  evidence  for  the  tenacity  of,  for  instance, 
monomolecular  patches  of  condensed  water  vapour  was  found 
when  a  mercury  column  was  made  to  slide  in  an  evacuated  glass 
capillary  of  about  l*5-mm.  bore.  Slow  sliding  proceeded  by  jerks 
when  at  room  temperature  the  column  which  compressed  the  residual 
gas  and  vapour  in  the  closed  capillary  reversibly  condensed  water 
vapour  at  a  pressure  of  6  X  1(H  mm.  of  mercury  on  the  stable 
adsorption  layer  which  at  room  temperature  adhered  to  the  glass 
wall  (nominal  area,  1-3  sq.  in.),  whereas  sliding  proceeded  smoothly 
when  the  capillary  had  been  connected  to  a  liquid-air  trap  whi^ 
removed  the  water  vapour  before  the  mercury  entered  the  capillary. 

Dr.  C.  H.  Desch,  F.R.S.  (Vice-President;  Iron  and  Steel 
Industrial  Research  Council,  London),  wrote  that  the  paper  gave 
a  very  clear  account  of  the  embrittlement  of  rope  wires  by  the 
formation  of  layers  of  martensite.  An  early  observation  of  such 
hard  layers,  formed  by  friction  on  the  outer  wires,  was  made  by 
Stead  in  1917  ^  on  a  South  African  mining  rope  used  on  an  incline. 
The  crowns  of  the  wires  were  stated  to  be  difficult  to  scratch  with 
a  steel  point.  On  bending,  cracks  were  formed  in  the  hard  layer. 
No  martensite  was  found,  and  the  effect  was  attributed  to  cold- 
working,  but  it  was  probable  that  martensite  was  really  present. 
The  efi'ect  was  essentially  the  same  as  that  found  on  the  surface 
of  rails. 

It  was  clear  that  very  high  temperatures  could  be  attained  on 
rubbing.  The  author's  observation  that  the  same  effect  could  be 
produced  by  impact,  with  a  pendulum  machine  or  by  a  blow  with 
a  chisel,  was  very  interesting.  There  was  room  for  much  more  work 
on  the  efifects  of  deformation  at  high  speeds.  The  deformation 
then  being  virtually  adiabatic,  very  high  temperatures  might  be 
reached  locally,  and  the  subsequent  cooling  would  be  equivalent 
to  a  severe  quenching. 

The  welding-on  of  foreign  material  described  on  p.  404  F  could 
also  occur  within  a  rope.  The  writer  had  described*  a  winding 
rope  of  Lang's-lay  construction,  which  broke  after  only  ten  weeks' 
use.  Some  of  the  wires  were  deeply  groved,  whilst  their  neighbours 
were  built  up  to  a  corresponding  extent.  Two  of  the  built-up 
ridges  were  shown  in  Fig.  A.  These  ridges  were  very  hard,  and 
occurred  at  intervals  corresponding  with  the  lay  of  the  strand  and 
mainly  well  below  the  surface  of  the  rope.  In  attempts  to  reproduce 
the  structure  in  the  laboratory  by  causing  wires  to  rub  over  one 

*  Quoted  in  **  Wire  Ropes  for  Hoisting,"  J^ouih  African  InstittUion  of 
Engineerff,  1920,  p.  272. 

*  Transactions  of  the  Institution  of  Mining  Engineers,  1928,  vol.  76,  p.  19. 


Plate  LIIIa. 


(a) 


(6) 
Fig.  a. — Built-up  Ridges  on  Internal  Rope  Wires. 
{See  C.  H.  Desch's  contribution.) 
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another  obliquely  while  under  load,  only  very  small  ridges  could 
be  formed,  the  bulk  of  the  material  dislodged  in  grooving  being 
removed  as  powder.  He  had  also  observed  extensive  pitting  of 
internal  wires,  caused  by  the  action  of  acid  waters,  which  were 
often  found  in  mines.  Such  attack  had  been  found  in  the  interior 
wires  of  locked-coil  ropes,  whilst  the  outer  wires  were  uncorroded 
and  well  lubricated. 

It  was  perhaps  premature  to  exclude  the  formation  of  nitride 
in  the  hard  layer.  Heavy  polishing  of  a  metallographic  steel 
specimen  on  a  dry  pad  increased  the  nitrogen  in  the  surface  layer, 
as  found  by  microchemical  analysis,  from  0-01  to  0  097%,^  and  the 
rubbed  surfaces  of  several  steels  in  service  showed  a  similar  increase 
in  nitrogen. 2  A  worn  manganese-steel  spring  showed  an  increase 
from  0  006  to  0  09%.  The  micrographs  were  very  similar  to  those 
given  by  the  author,  and  fatigue  cracks  were  found  to  start  from 
the  hard  patches.  Under  the  high  local  stresses  demonstrated  by 
Bowden  there  was  little  doubt  that  activation  of  atmospheric 
nitrogen  could  occur.  '^ 

It  is  regretted  that,  owing  to  illness,  the  author's  reply  has  not 
been  received  at  the  time  of  going  to  press. 

1  H.  J.  Wiester,  Archiv  fur  das  Eisenhiittenwesen,  1936,  vol.  9,  p.  525. 

2  H.  Schottky  and  H.  Hiltonkamp,  Stahl  und  Eisen,  1936,  vol.  56,  p.  444. 
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THE    PRACTICAL   SIDE    OF   BLAST- 
FURNACE     MANAGEMENT,      WITH 
'ESPECIAL   REFERENCE   TO    SOUTH 
AFRICAN  CONDITIONS. 

By  R.  R.  F.  WALTON  (Pretobia,  South  Africa). 

This  paper  was  discussed  at  the  Autumn  Meeting  held  in  Sheffield 
on  November  12,  1940;  in  the  author *s  absencei  it  was  presented  by 
Mr.  J.  £.  Holffate.  It  will  be  found,  together  with  the  discussion 
and  correspondence  to  which  it  gave  rise,  in  the  Journal  of  The  Iron 
and  Steel  InatUute,  1940,  No.  II.,  p.  13p.  The  author's  reply  was  not 
received  in  time  for  inclusion  with  the  paper  itself,  and  is  printed 
below. 

AUTHOR'S  REPLY. 

Mr.  Walton  wrote,  in  reply,  that  he  wished  to  thank  Mr.  Hol- 
sate  for  introducing  the  paper,  and  all  those  who  took  part  in  the 
discussion. 

At  the  time  when  Mr.  Holgate  left  South  Africa,  300-ton  furnaces 
were  suggested  for  the  Iscor  plant,  but  it  was  decided  later  to  adopt 
a  bolder  policy  and  to  install  a  500-ton  furnace.  This  was  blown-in 
in  March,  1934,  and  was  followed  by  No.  2  furnace,  of  the  same 
capacity,  in  November,  1936.  The  policy  mentioned  had  been 
amply  vindicated  by  the  performance  of  the  plant,  and,  as  stated 
later,  the  output  had  exceeded  600  tons  per  day  per  furnace.  It 
should  be  noted  that  the  South  African  ton  equals  2000  lb.,  and  thiS 
unit  is  used  throughout. 

As  pointed  out  by  Mr.  Holgate,  Transvaal  coals  made  a  com- 
paratively inferior  coke,  which  could  be  improved  chemically  and 
physically  by  blending  with  Natal  coals.  It  had  been  found  as 
economical,  however,  to  use  100%  Transvaal  coal  and  to  increase 
the  proportion  of  rich  Thabazimbi  ore  in  the  burden,  so  that  about 
85%  of  this  ore  was  used  in  the  normal  ba«ic  burden. 

Regarding  the  two  types  of  gas-cleaning  plant,  the  wet-washing 
system  was  installed  along  with  No.  2  furnace,  because  of  lower  first 
cost,  and  operating  and  maintenance  charges.  This  was  referred  to 
again,  in  reply  to  Mr.  Brown.  The  two  furnaces  were  on  a  common 
gas  main  and  delivered  to  a  common  clean-gas  main,  with  suitable 
arrangements  for  isolating  either  furnace  and  adjusting  the  gas 
volume  delivered  to  each  cleaner,  but  there  was  no  attempt  to  use 
the  cleaners  in  series,  as  this  was  unnecessary.  The  gas  from  the 
Lodge  Cottrell  plant  averaged  about  0*004  grains  of  dust  per  cu.  ft., 
and  from  the  Theisen  plant  0-006  grains. 

Referring  to  ferro-manganese  production  at  Newcastle,  since  the 
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paper  was  prepared  a  further  run  on  this  alloy  had  been  made,  with 
the  following  results  : 


Average  daily  output 

Average  grade 

Coke 

Coal 

Ore  . 

Dolomite   . 


75*93  tons 

78*5%  of  manganese 
4246  lb.  per  ton  of  alloy 

169 
3852 
1410 


♦» 


»• 


♦• 


»» 


»» 


»f 


»» 


»♦ 


As  would  be  seen  from  a  comparison  with  previous  results,  the 
improvement,  in  output  and  consumption,  was  due  to  the  use  of  an 
ore  lowei:  in  silica,  illustrating  the  importance  of  a  low  slag  volume 
when  making  ferro-manganese. 

In  reply  to  Mr.  Clements,  the  following  data  gave  average  figures 
for  the  Pretoria  practice,  making  basic  iron  for  the  open-hearth 
plant : 

Output  per  Furnace  :   610  tons  per  day. 
,         Atuilysia  of  Metal  : 


C. 


O." 


.'0« 


415 


0-70 


s 
003 


O' 


013 


Mn. 
1-60 


o/ 


By  increasing  the  slag  volume  to  about  1000  lb.,  the  sulphur  could 
be  kept  very  low,  as  illustrated  by  the  following  averages  for  both  furnaces 
over  February  and  March,  1941  : 


Sulphur 


0015% 


Manganese  . 


Weight  of  Sing  :   875  lb.  per  ton  of  metal. 
Slag  Analysis  : 


1-79% 


SiO,. 
•*-  /o 


M,0,. 
16% 


CaO. 
36% 


M(?0. 

13-5% 


Consumptions  of  Baw  Materials 

Thaba  ore    . 
Pretoria  ore 
Manganese  ore 
13olomit« 
Limestone   . 
Coke  .   ■ 

No  outside  scrap  was  used. 

Analysis  of  Coke  : 

Volatile. 
1  •  1  o/ 


2510  lb. 
470 
100 

580 

1530 


=  1250  lb.  of  carbon. 


Aflb. 
161% 


Sulphur. 

0-8% 


Moistum. 
0-3% 


Blast  Volume  :   40,000  cu.  ft.  per  min.  under  Pretoria  conditions. 
Average  Blast  Temperature  :    1200''  F. 

Numlicr  of  Tuyeres  :   Nine  5|-in.  and  one  4-in.  over  tap-hole. 
Carbon  Cfiargcd  :  Per  sq.  ft.  of  hearth  per  hr.,  158  lb. 

Per  sq.  ft.  of  bosh  per  hr..  106  lb. 
Dust  Made  :    100  lb.  j>er  ton  of  metal. 

At  present  tliis  material  was  dumped. 


Analysis  of  Dust : 


!•• 


•»' 


42-5 


V.  .  I). 

141 


3-5 


Met).    ".',. 
10 


BK), 
12-5 


O' 

II* 


n/ 


n,o.    ,„ 
2-7 
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QcLs  Analysis  (by  volume) : 


CO, 
14-2 


O' 


CO. 
260 


n,. 


1-7 


N,. 


58- 1 


Top-Gas  Temperature  :   350°  F. 


The  best  month's  output  for  one  furnace  was  19,979  tons,  with  a 
coke  consumption  of  1493  lb. 

Bepl3dng  to  Dr.  Marshall,  it  was  true  that  a  higher  blast  tempera- 
ture could  be  carried  when  the  breeze  was  removed  from  the  coke, 
but,  for  the  purposes  of  the  tests  detailed  in  Table  I.,  the  blast 
temperature*  was  held  as  constant  as  possible,  and  the  burden 
adjusted  to  keep  the  metal  regular  in  each  period.  The  average 
blast  temperature  was  around  1200^  F.,  although,  as  mentioned  m 
the  paper,  the  stoves  could  maintain  a  temperature  of  over  1600°  F. 
The  author  preferred,  however,  to  handle  the  furnaces  as  described, 
keeping  this  extra  heat  in  reserve  to  overcome  emergencies. 

The  points  raised  by  Mr.  Mitchell  and  Mr.  Gerber  were  covered 
by  the  figures  given  in  reply  to  Mr.  Clements. 

Concerning  Mr.  Fisher's  query  as  to  the  use  of  the  breeze  screened 
out  at  the  fiunaces,  about  2,000  tons  per  month  of  —  J-in.  breeze 
were  burnt  at  the  power  station,  as  an  adjunct  to  the  normal  blast- 
furnace gas-firing.  It  was  burnt  on  chain  grates,  together  with 
discard  from  the  coal  washery.  About  400  tons  per  month  of  the 
larger  size  were  used  for  lime-burning  in  the  calcining  kilns,  while  a 
small  amount  was  sold  for  domestic  use.  At  pre'sent  the  balance 
was  stodked. 

Replying  to  Mr.  Brown,  the  various  figures  given  for  the  coke 
consumption  arose  in  the  following  manner.  The  rate  of  1530  lb. 
per  ton  of  metal  was  an  average  year-in  and  year-out,  while  the 
figures  in  Table  I.  were  obtained  in  the  summer  months,  when  the 
humidity  was  high,  and  were  further  increased  by  the  fact  that  the 
equivalent  of  all  cast  house  and  pig  machine  scrap  was  deducted 
from  the  output,  so  that  the  tests  should  be  exactly  comparable  for 
each  period.  The  lowest  coke  consumption  over  any  one  month  had 
been  1432  lb. 

The  operating  and  maintenance  cost  of  the  Theisen  plant  was 
about  two-thirds  of  that  of  the  Lodge  Cottrell  plant,  made  up  as 
follows  : 

OaS'Cleaning  Costa:   Sir  Months^  Average. 


Production  salaries  and  wages 

Electricity  . 

Steam 

Water 

Operati^  stores 

Maintenance 

General  services 


Wet  Cleaning. 

Elect  roptatic. 

OOlDd 

0053rf 

0047d 

0033<i 

•  •  • 

0027(/ 

0'0V2d 

OOOSrf 

OOOlrf 

0004fi 

0022d 

0043<i 

0019(i 

002  If/ 

0120/i 


01 89'/ 


iur 
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The  gas  from  either  plant  was  amply  clean  enough  for  modem 
stoves  and  coke-ovens. 

With  regard  to  the  tuyere  life,  this  could  be  attributed  to 
(a)  exceptional  freedom  from  hanging  and  slipping,  due  to  correct 
furnace  lines  and  regularitj^f  materials  and  conditions,  and  (6)  an 
ample  supply  of  clean  water,  with  attention  to  strainers.  No 
coolers  and  only  two  flat  plates  had  been  lost  since  the  plant  started 
up  in  March,  1934.-  All  coppers  were  of  the  usual  cast  standard — 
about  98-5%  copper. 

Admittedly  the  resistence  of  the  burden  was  partly  responsible 
for  the  necessity  of  pulling  the  gas  back  through  a  stove  while 
tuyering,  but  the  Baer  explosion  valves  on  the  Ueeders  definitely 
baffled  the  gas.  This  was  evidenced  by  the  fact  that  when  drying 
out  the  furnace  with  gas,  after  relining,  the  bleeders  would  not  take 
it  all  and  burnt  gas  was  forced  down  into  the  dust-catcher. 
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THE  MANUFACTURE  OF  STEEL  BY  THE 

PERRIN  PROCESS. 

By   B.  YAKESKE  (Chemical,  Metalluboical  and  Reseaboh  Defabt- 
iCENT,  The  Tata  Iron  and  Steel  Compant,  Ltd.,  Jamshedpur,  India). 

This  paper  was  discussed  at  the  Autumn  Meeting  held  in  Sheffield  on 
November  12,  1940;  in  the  author*R  absence  it  was  presented  by  Dr.  T. 
Swinden.  It  will  be  found,  together  with  the  discussion  and  correspondence 
to  which  it  gave  rise,  in  the  Journal  of  the  Iron  and  Steel  InstittUe,  1940, 
No.  II.,  p.  36p.  The  author's  reply  was  not  received  in  time  for  inclusion 
with  the  paper  itself,  and  is  printed  below. 


AUTHORS  REPLY. 


Mr.  Yaneske  wrote  that,  before  replying  to  the  discussion, 
he  desired  to  express  his  grateful  thanks  to  Dr.  Swinden  for  so 
kindly  presenting  the  paper  on  his  behalf. 

With  reference  to  Dr.  Swindon's  remarks  in  opening  the  dis- 
cussion, it  was  quite  evident  to  the  author  that  he  had  a  very 
clear  understanding  of  the  necessary  requirements  for  the  successful 
operation  of  the  process.  As  stated  by  Dr.  Swinden,  the  slag 
must  be  sufficiently  fluid  and  at  a  sufficiently  high  temperature. 
In  the  author's  experiments,  notwithstanding  the  exothermic 
nature  of  the  reaction  between  the  metal  and  slag,  it  was  found 
preferable  to  have  the  slag  at  a  temperature  50^  C.  higher  than 
that  of  the  metal  to  be  dephosphorised.  With  regard  to  the  most 
suitable  pouring  height,  the  experiments  showed  that  the  more 
violent  the  agitation  of  the  metal  and  slag,  the  more  intensive 
was  the  dephosphorisation  which  followed,  as  would  be  expected. 
With  the  presence  of  a  fair  amount  of  carbon  in  the  metal — say, 
0-30%  or  more — the  agitation  in  the  ladle  became  very  violent, 
so  that  a  lower  pouring  height  was  necessary  to  effect  the  same 
degree  of  dephosphorisation  than  was  the  case  with  metal  con- 
taining 0-10%  of  carbon  or  less.  Mr.  Perrin's  original  idea  was 
to  pour  the  metal  and  slag  into  a  mechanical  shaker  with  the 
object  of  well  churning  them  together.  That  might  be  possible 
when  the  carbon  in  the  metal  was  very  low — that  was,  0-05%  or 
less — but  would  result  in  the  contents  being  ejected  from  the 
shaker  with  the  extremely  violent  agitation  that  ensued  when  a 
considerable  amount  of  carbon  was  present  in  the  metal.  The 
author  and  his  colleagues  appreciated  very  much  the  compli- 
mentary remarks  contained  in  the  remainder  of  Dr.  Swinden's 
contribution. 

The  author  agreed  with  Mr.  Whiteley  that  the  experiments 
seemed  to  indicate  that  the  FcjOq  in  the  synthetic  slag  was  respon- 
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Bible  for  accomplishing  most  of  the  oxidation  of  the  phosphorus  in 
the  metal.  Also,  the  presence  of  a  much  higher  percentage  of 
FcgOg  in  the  synthetic  slag  as  compared  with  the  basic  open-hearth 
slag  appeared  to  explain  the  increased  capacity  of  the  synthetic 
slag  to  effect  dephosphonsation ;  nevertheless,  it  was  observed 
during  the  experiments  that  whenever  the  acid  content  of  the 
dephosphorising  slag  was  abnormally  high — say,  over  10%  of 
P2O6  +  SiOg — the  dephosphonsation  was  less  intensive  than  when 
the  slag  contained  much  less  than  10%  of  these  acids,  with  approxi- 
mately the  same  percentage  of  FcgOj  in  the  slag.  In  reply  to 
Mr.  Whiteley's  query  as  to  whether  the  author  had  tried  to  de- 
phosphorise metal  straight  from  the  blast-furnace,  this  was  attempted 
without  much  success  in  one  of  the  early  experiments.  As  ex- 
plained by  Dr.  Swinden  in  his  reply  to  Mr.  Whiteley,  the  obvious 
difficulty  was  the  high  silicon  content  of  the  metal.  However,  as 
the  result  of  the  experiment  might  be  of  interest,  particulars  were 
given  below  : 

Heat  No,  P4.     Ii2th  November,  1936. 

Weight  of  blast-furnace  iron  uped  in  the  experiment . 
Weight  of  synthetic  slag  poured  in  ladle  .... 
Proportion  of  slag  used  ....... 


21  tons  16  cwt. 
3  tons  10  cwt. 

1«% 


c. 

0' 

/O 

Mn. 

0/ 

/tl 

S. 

0/ 
0 

P. 

0' 
/O 

Si 

0 

Analysis  of  Iron. 

Before  After 

Mixing.  Mixing. 

305  3-84 

.      0-64  0-60 

0016 

.      0-280  0-208 

0-92  0-45 


SiO,. 

.A1,0,. 

FeO. 

Fe,Os. 

MnO. 

CaO. 

MgO. 

TiOj. 

S. 


O' 


0/ 

/o 

O' 

/u 
o 

/O 

0/ 
.0 
o 
.0 
o 
,0 
o. 
.0 

0 

/o 
o  ■ 
.0 


o 


Analysis  of  Slag. 

before  After 

Mixing.  Mixli«. 

812  11-20 

1-60  ^  1-67 

3-99  18-44 

27-80  900 

7-60  11-40 

46-60  44-20 

3-45  3-02 

0-50  1-17 

Nil  0-38 

Trace  0-07 


As  will  be  seen  from  the  above  results,  the  proportion  of  silicon 
removed  from  the  pig  iron  was  double  that  of  the  phosphorus. 

Since  the  conclusion  of  the  experiments  referred  to  in  the 
paper,  further  work  had  been  done  by  the  author  and  his  colleagues 
with  the  object  of  eliminating  some  of  the  silicon  from  the  molten 
pig  iron  as  it  was  being  tapped  from  the  blast-furnace.  This  was 
accomplished  by  the  use  of  iron  ore  from  dust  to  pea  size,  in  the 
following  manner  :  Iron  ore  was  screened  to  pass  through  ^-in. 
mesh.  About  2%  of  the  screened  iron  ore,  containing  from  60  to 
66%  of  iron,  was  used,  calculated  on  the  expected  weight  of  pig 
iron,  half  the  quantity  of  the  iron  ore  being  placed  in  the  ladle 
bottom  prior  to  the  tapping  of  the  blast-furnace,  whilst  the  other 
half  of  the  iron  ore  was  fed  into  the  stream  of  molten  pig  iron 
running  from  the  blast-furnace  into  the  ladle.  It  was  found  in 
numerous  experiments  that  from  20  to  50%  of  the  silicon  content 
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of  the  iron  could  be  removed  in  this  simple  manner.  Mill  scale  or 
blast-ftimace  flue-dust  could  be  substituted  for  the  iron  ore,  the 
quantity  to  be  added  depending  on  their  oxide  of  iron  contents.' 
The  following  were  particulars  of  one  of  these  experiments  : 

1600  lb.  of  iron  ore,  passed  through  }-in.  mesh  sieve,  were  added  to 
38}  tons  of  molten  pig  iron,  half  the  ore  being  placed  in  the  ladle  bottom 
and  half  fed  into  the  stream.  The  following  was  the  analysis  of  the  iron 
before  and  after  treatment  with  iron  ore  : 


Before 
Treatment. 

After 
Treatment. 

4-27 
0-41 
0-97 

406 
0-32 
048 

Co/ 
.  /q  .  «  •  • 

Mn.     %       .  .  .  . 

Si       o/ 

It  would  be  observed  that  some  carbon  and  manganese  were 
also  removed  from  the  pig  iron  by  this  treatment. 

Such  molten  pig  iron  containing  less  than  0*50%  of  siUcon 
had  been  successfully  dephosphorised  from  0-30%  to  less  than 
0-05%  of  phosphorus  (and  also  desiUconised)  by  pouring  it  very 
slowly  from  the  blast-furnace  ladle  held  at  a  height  of  about  25  ft. 
into  another  ladle  containing  not  less  than  16%  of  synthetic  basic 
oxidising  slag.  The  treated  metal,  containing  about  3%  of  carbon, 
with  manganese,  sihcon,  phosphorus  and  sulphur  below  0-05%, 
was  by  this  means  available  for  conversion  into  steel  by  trans- 
ferring it  either  to  a  basic  or  acid  open-hearth  or  an  electric  furnace 
for  the  removal  of  the  carbon  to  the  desired  extent,  thus  eliminating 
the  Bessemer  converter  from  the  process. 

Mr.  Whiteley  asked  whether  the  Perrin  process  would  be  equally 
efficient  in  dephosphorising  metal  containing  about  1-5%  of  phos- 
phorus. The  author  had  never  tried  to  dephosphorise  metal  with 
such  a  high  phosphorus  content,  but  was  of  the  opinion  that  the 
phosphorus  could  be  removed  successfully  by  two  or  three  succes- 
sive treatments  with  sjmthetic  slag,  this  being  more  effective  than 
attempting  to  dephosphorise  the  metal  with  a  very  large  volume 
of  slag  in  one  operation. 

Mr.  Percival  Smith  had  called  attention  to  the  repeated  remarks 
of  the  author  that  the  steel  produced  was  satisfactory  and  had 
raised  the  question  **  satisfactory  for  what  purpose  ?  *'  By  the 
description  "  satisfactory  *'  the  author  meant  that  the  steel  rolled 
well  and  the  yield  of  first-class  material  was  normal  as  compared 
with  similar  grade  and  section  produced  by  the  basic  open-hearth 
and  duplex  processes.  The  author  agreed  with  Mr.  Percival 
Smith  that  much  could  be  done  by  the  co-operation  of  steelmakers 
in  large-scale  research  work  with  the  object  of  improving  the 
present  so-called  standard  methods  of  steelmaking,  which,  although 
well-known  to  be  very  inefficient,  had  remained  unaltered  for  many 
decades.      ^ 

In  reply  to  the  questions  raised  by  Mr.  Robinson,  the  author 
had  not  found  any  difficulty  in  melting  the  synthetic  slag  in  an 
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ordinary  basic  open-hearth  tilting  furnace.  Dolomite  or  magnesite 
had  proved  to  be  a  satisfactory  lining  to  stand  up  against  the 
highly  basic  synthetic  slag.  With  regard  to  the  temperatures  of 
the  steel  and  slag  before  and  after  treatment,  proyided  that  the 
temperature  of  the  dephosphorising  slag  was  not  less  than  that  of 
the  steel  to  be  treated,  the  net  result  of  the  mixing  was  an 
increase  in  the  temperature  of  the  steel  due  to  the  exothermic 
reaction  that  took  place,  so  that  usually  no  heavy  metal  skulls 
were  formed.  In  each  of  the  experiments  described  in  the  paper 
the  weight  of  the  ladle  skull  was  given,  from  which  it  was  seen 
that,  despite  the  necessity  to  re-ladle  the  metal  in  the  experi- 
ments, the  ladle  skull  formed  was  never  excessive.  By.  avoiding 
re-ladling,  skulls  should  be  the  exception  rather  than  the  rule. 

The  author  was  in  agreement  with  Mr.  Mitchell  in  that  Mr. 
Perrin's  theories  had  proved  to  be  practically  sound  in  regard  to 
both  his  deoxidising  and  dephosphorising  methods.  With  refer- 
ence to  the  latter,  however,  Mr.  Perrin  had  not,  prior  to  the  authcNr's 
experiments,  worked  out  a  reliable  method  for  the  direct  manu&c- 
ture  of  steel  to  chemical  specification  from  the  dephosphorised 
blown  metal  without  the  necessity  of  transferring  it*  to  a  finishing 
furnace.  Mr.  Mitchell  was  correct  in  his  statement  that  a  suitable 
pouring  height  to  ensure  intimate  mixing  of  the  metal  and  slag 
was  an  essential  practical  detail,  which  might  be  the  main  difficulty 
in  the  appUcation  of  the  Perrin  process  in  an  existing  plant,  just 
as  was  found  to  be  the  case  in  the  existing  duplex  plant  at  Jam- 
shedpur. 

Mr.  Hock  also  referred  to  the  effect  of  the  temperature  of  the 
slag.  As  stated  previously,  the  most  satisfactory  results  were 
obtained  when  the  temperature  of  the  slag  was  higher  than  that 
of  the  metal  to  be  dephosphorised.  It  was  absolutely  essential 
that  the  slag  was  sufficientl/fluid,  and  greater  fluidity  ^  obtain. 
able  with  a  high  temperature. 

In  his  reply  to  Mr.  Gerber  at  the  Meeting,  Dr.  Swinden  had 
clearly  explained  the  difference  between  the  Perrin  process  and 
the  -Aiton-Byers  process.  The  author  was  interested  to  learn  that 
Mr.  Gerber  had  carried  out  some  experiments  on  similar  lines  to 
the  Perrin  process  which  had  resulted  in  the  production  of  prac- 
tically killed  high-carbon  dephosphorised  steel.  With  reference  to 
Mr.  Gerber*8  query  as  to  whether  the  metal  could  be  bottom- 
poured  from  a  lower  height  than  20  ft.  without  materially  affecting 
the  results,  the  author  had  tried  this  by  pouring  the  metal  into 
the  slag  through  a  3-in.  dia.  nozzle  from  a  height  of  10  fb.,  the 
ladle  being  moved  about  during  the  pouring.  The  result  of  the 
dephosphorisation  was  found  to  be  not  so  good  as  by  lip-pouring 
from  double  this  height,  and,  moreover,  a  heavy  metal  skull  was 
formed,  owing  to  the  re-ladling  involved  and  the  length  of  time 
lost  in  pouring  the  metal  through  the  nozzle.  In  the  author's 
opinion,  re-ladling  should  never  be  resorted  to  in  any  steelmaking 
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process,  and  in  the  new  plant  being  erected  at  Jamshedpur,  the 
blown  metal  would  be  slowly  poured  direct  from  the  Bessemer 
/converter  from  a  height  of  not  less  than  20  ft.  into  the  dephos- 
phorising slag  contained  in  the  casting  ladle,  so  that  re-ladling 
would  thus  be  avoided. 

Dr.  Hatfield  had  confined  his  remarks  mainly  to  Mr.  Perrin's 
deoxidising  process.  The  author  had  been  privileged  to  witness 
at  Ugine  many  experimental  heats  which  were  thoroughly  deoxi- 
dised by  tapping  the  metal  into  a  suitable  molten  acid  slag.  It 
appeared  to  the  author  that  the  chief  value  of  Mr.  Perrin  s  de- 
oxidising process  lay  in  the  fact  that  basic  Bessemer  steel  could 
be  converted  into  as  good  a  quality  as  acid  Bessemer  steel  and 
basic  open-hearth  steel  into  as  good  a  quality  as  acid  open-hearth 
steel  or  electric-furnace  steel  by  this  process,  thus  eliminating  the 
necessity  for  low-phosphorus  pig  iron  and  scrap.  With  regard  to 
Dr.  Hatfield's  question  concerning  the  cost  of  the  Perrin  process, 
this  had  been  aptly  dealt  ^idth  in  Mr.  Mather's  written  contribution 
to  the  discussion. 

In  replying  to  Mr.  Whiteley  the  author  had  covered  the  point 
raised  by  Mr.  Manterfield  regarding  the  greater  efficiency  of  the 
synthetic  slag  as  compared  with  the  basic  open-hearth  slag  used 
for  dephosphorising.  Concerning  the  composition  of  the  slag  of 
heat  No.  PS  after  mixing,  this  was  considered  to  be  a  "  freak," 
as  in  all  the  other  experiments  in  which  a  synthetic  slag  was  em- 
ployed, the  ferric-oxide  content  decreased  considerably  while  the 
ferrous-oxide  content  increased  considerably  after  the  mixing. 

The  author  desired  to  express  his  appreciation  of  the  tribute 
paid  to  himself  and  to  the  Tata  Company  by  the  President  in  his 
contribution  to  the  discussion.  Mr.  Craig's  remarks  were  full  of 
wisdom  regarding  the  lines  along  which  further  research  work 
might  be  conducted  with  the  object  of  advancing  the  art  of  steel- 
making,  which  had  been  allowed  to  lie  dormant  for  so  many  years, 
probably  because  the  metallurgical  world  had  taken  it  for  granted 
that  no  worthwhile  improvements  could  be  effected.  In  this 
respect  the  courage  of  Mr.  Perrin*  in  attempting  to  revolutionise 
the  art  was  deserving  of  very  high  praise  indeed. 

With  reference  to  the  communication  from  Mr.  Russell,  the 
silicon  content  of  the  hot  metal  used  in  the  experiments  was  inten- 
tional in  order  to  obtain  the  necessary  casting  temperature.  Basic 
pig  iron  with*  a  silicon  content  of  not  more  than  0*90%  was  also 
made  at  the  Tata  Works  for  the  straight  basic  open -hearth  process. 
Mr.  Russell  was  correct  in  assuming  that  the  scrap  available  in 
India  was  limited,  which  fact  was,  of  course,  taken  into  considera- 
tion when  it  was  decided  by  the  Tata  Company  to  adopt  both  the 
duplex  and  Perrin  processes  at  Jamshedpur.  Mr.  Russell  requested 
information  as  to  the  nature  of  the  lining  which  would  be  adopted 
for  the  open-hearth  finishing  furnaces.  In  the  complete  scheme 
there  would  be,  in  addition  to  two  basic-lined  slag-melting  furnaces, 
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two  basic-lined  steel-melting  furnaces  and  one  acid-lined  steel- 
melting  furnace.  No  trouble  was  anticipated  from  pouring  the 
hot  dephosphorised  metal  on  to  the  silica  lining.  Regarding  the 
linings  of  the  dephosphorising  ladles  in  the  new  plant,  the  experi- 
ments had  proved  that  a  firebrick  lining  coated  with  a  basic  cement 
was  satisfactory,  although  experiments  were  at  present  being 
carried  out  with  various  compositions  of  bricks  made  from  Indian 
raw  materials  with  the  object  of  providing  a  lining  that  would  not 
require  a  basic-cement  coating. 

Mr.  Harbord's  written  contribution  was  full  of  interesting 
observations.  Regarding  his  inquiry  as  to  whether  the  author  had 
carried  out  any  experiments  with  synthetic  slag  in  which  the 
FeO  was  largely  in  excess  of  the  FcgOg,  the  author  desired  to  state 
that  he  had  not  purposely  done  so,  as  this  conditioi\  was  present 
in  all  the  basic  open-hearth  slags  used  in  the  experiments. 

The  author  was  particularly  interested  in  Mr.  Harbord's  descrip- 
tion of  the  experiments  on  the  washing  of  pig  iron  recorded  by  Sir 
Lowthian  Bell  as  far  back  as  J 878. 

Mr.  Harbord  was  correct  in  his  surmise  that  dephosphorisation 
could  be  effected  with  a  synthetic  slag  having  a  lower  lime  content 
and  a  higher  oxide  of  iron  content  than  the  slags  used  in  the  experi- 
ments recorded  in  the  paper,  for  in  several  other  experiments,  not 
recorded,  dephosphorisation  to  the  desired  extent  had  been  accom- 
plished with  such  slags,  of  which  the  lowest  lime  content  was 
35-45%  with  a  total  oxide  of  iron  content  of  3405%. 

With  regard  to  Mr.  Harbord 's  query  as  to  the  necessity  for 
desiliconising  before  dephosphorising,  the  author  had  already 
discussed  this  point  in  his  reply  to  Mr.  Whiteley. 

Mr.  Harbord's  reference  to  the  experiments  carried  out  by  Sir 
Lowthian  Bell  recalled  the  fact,  not  generally  known,  that  Mr. 
Benjamin  Talbot  obtained  a  patent  in  1892  relating  to  **  Improve- 
ments in  the  Treatment  of  Iron  and  Basic  Slag  and  in  Extracting 
SiUcon  and  Phosphorus."  This  patent  appeared  to  be  an  almost 
complete  anticipation  of  the  Perrin  process,  as  would  be  seen 
from  the  follo^ving  abstract  frofti  the  patent  specification  : 

"This  invention  has  for  its*  object  the  obtaining  of  iron 
which  has  in  it  silicon  and  phosphorus  and  in  extracting  the 
silicon  and  phosphorus  therefrom  by  an  operation  carried  on 
outside  of  the  furnace  and  without  the  employment  of  addi- 
tional fuel  for  the  purpose.  To  this  end  the  molten  iron  ig 
subjected  to  a  process  of  filtration  through  liquid  basic  slag, 
the  effect  of  which  is  to  cause  the  union  of  the  metalloids  and 
other  impurities  with  the  slag,  leaving  the  iron  in  a  condition 
of  purity.  The  reaction  which  occurs  is  very  violent  and 
results  in  the  maintenance  of  a  suitable  temperature  without 
the  employment  of  fuel  or  the  application  of  heat  from  an 
external  source.    The  preferred  practice  is  to  draw  the  molten 
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slag  in  a  deep  body  or  column  into  a  retaining  vessel  lined 
with  highly  refractory  material  and  thereafter  to  pour  the 
molten  iron  into  the  slag  through  which  it  sinks.  The  purified 
iron  is  then  tapped  away  at  the  bottom  of  the  vessel  and 
additional  iron  passed  through  the  slag,  the  operation  being 
carried  on  either  continuously  or  intermittently  until  the  slag 
becomes  inert.  The  delivery  of  slag  into  and  from  the  vessel 
may  be  continuous  or  intermittent. 

**  Good  results  may  be  obtained  by  pouring  the  molten 
metal  and  molten  slag  into  the  vessel  simultaneously.  If 
complete  purification  be  desired  so  that  practically  all  the 
impurities  will  be  removed,  it  is  found  that  the  best  results 
are  obtained  by  subdividing  or  breaking  up  the  fluid  iron  into 
a  series  of  small  streams  and  allowing  it  to  fall  into  and  through 
the  slag. 

''  The  invention  is  also  applicable  in  the  manufacture  of 
steel  which  shall  contain  an  exceedingly  small  percentage  of 
phosphorus.  By  this  process  metal  is  used  which  contains 
one  per  cent,  of  phosphorus,  and  the  phosphorus  is  eliminated 
to  three-fenths  of  one  per  cent.  It  is  preferred  to  install  the 
process  as  follows  :  The  iron  is  blown  in  the  usual  acid  con- 
verter as  is  done  when  making  ordinary  acid  steel.  The 
silicon  is  eliminated  and  practically  all  the  carbon,  and  as 
soon  as  the  flame  is  perceived  to  be  dropping,  which  indicates 
that  the  metal  is  nearly  decarbonised,  the  converter  is  turned 
down  and  the  blast  taken  off.  A  crane  is  arranged  which 
commands  the  Bessemer  converter  and  on  this  crane  a  cylin- 
drical or  other  vessel  is  suspended  into  which  a  stated  quantity 
'  of  liquid  basic  slag  has  been  put.  The  crane  is  placed  under 
the  converter  and  the  latter  emptied  of  its  metal  into  the 
filter  which  contains  the  slag,  care  being  taken  that  no  siliceous 
slag  is-  emptied  from  thg  converter  into  the  basic  slag.  The 
metal  descends  through  the  body  of  liquid  basic  slag  and  the 
remaining  traces  of  silicon  and  practically  all  the  carbon  and 
phosphorus  are  expelled,  and  the  metal  is  a  bath  of  pure 
metaUic  iron.  The  crane  of  the  filter  which  contains  the  pure 
metal  is  swung  over  the  casting  ladle,  and  the  metal  is  tapped 
out  preferably  at  the  bottom.  As  the  metal  is  running  out, 
the  ferro-manganese  or  spiegel  is  introduced  into  the  casting 
ladle  so  that  the  metal  becomes  deoxidised  and  is  then  poured 
from  the  casting  ladle  into  ingots.  The  manganese  is  intro- 
duced after  the  filtering  process,  as  the  iron-oxidising  basic 
slag  would  have  a  tendency  to  expel  manganese  from  the 
metal.  If  Bessemer  metal  is  taken  which  contains  a  high 
percentage  of  phosphorus,  the  vessel  is  turned  down  a  few 
seconds  earlier  than  is  done  when  the  metal  contains  a  smaller 
percentage  of  phosphorus.  This  leaves  a  Httle  more  carbon 
in  the  metal,  causing  a  much  more  active  reaction  between 
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the  slag  and  molten  metal  and  giving  a  better  chance  for  the 
expulsion  of  the  phosphorus. 

**  When  acid  steel  is  made  in  the  Siemens  open-heitrth 
furnace,  the  course  of  procedure  is  exactly  the  same  as  when 
it  is  made  in.  the  converter.  That  is,  the  metal  is  tapped 
from  the  fiunace,  filtered,  the  phosphorus  reduced  and  then 
deoxidised  in  the  casting  ladle." 

The  author  felt  sure  that  Members  would  wonder,  as  the  author 
had  done,  why  Mr.  Talbot's  ideas  of  half  a  century  ago  were  not 
developed. 

The  author  was  very  pleased  that  Mr.  Mather. had  contributed 
to  the  discussion,  because  it  was  chiefly  through  his  encourage- 
ment that  the  experiments  on  dephosphorisation  had  been  carried 
out  to  a  successful  conclusion.  Mr.  Mather  was  noted  for  his 
initiative  and  shrewdness,  and  it  was  due  to  his  guidance  as  Tech- 
nical Director  that  the  Tata  Company  had  finaUy  decided  to  erect 
a  new  plant  at  Jamshedpur  to  operate  the  Perrin  steelmaking  pro- 
cess on  a  large. commercial  scale. 

On  the  other  hand,  the  author  was  disappointed,  as  he  felt 
sure  other  Members  would  be,  that  owing  to  the  international 
situation  Mr.  Perrin  had  been  prevented  from  joining  in  the  dis- 
cussion of  his  process. 

In  conclusion,  the  author  wished  to  take  this  opportunity  of 
thanking  Dr.  Swinden  for  so  ably  replying  to  the  various  points 
raised  in  the  discussion  at  the  Sheffield  Meeting. 
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The  Effect  of  Hydrocarbon  Oases  on  Refractory  Materials.    Part 

IV.  A  Study  of  the  Effect  of  Ethylene  on  Re&ractory  Materials. 

E.  Rowden.  (Transactions  of  the  British  Ceramic  Society,  1940, 
vol.  39,  Sept.,  pp.  266-268).  The  author  reports  on  his  experiments 
the  object  of  which  was  to  determine  whether  an  unsaturated  hydro- 
carbon gas  might  attack  firebricks  more  quickly  and  at  a  lower 
temperature  than  methane,  a  saturated  hydrocarbon.  Ethylene 
was  the  gas  selected  for  the  tests.  He  found  that  when  this  gas 
was  passed  over  refractory  specimens  maintained  at  600°  and  800° 
C,  the  only  effect  was  to  cause  discoloration  throughout  the  material. 
The  gas  itself  polymerised  and  condensed,  forming  tar,  other  liquids 
and  solid  hydrocarbons,  and  at  the  higher  temperature  a  larger 
amount  of  the  heavier  hydrocarbons  was  produced.  The  experi- 
ments were  discontinued,  as  apparently  decomposition  of  the 
attacking  gas  with  the  formation  of  carbon  deposits  is  required  in 
order  to  bring  about  disintegration  of  firebricks. 

The  Effect  of  ^drocarbon  Oases  on  Refractory  Materials.    Part 

V.  A  Farther  Study  of  the  ESSect  of  Ck>al  Oas  on  Refractory  Materials. 
E.  Rowden.  (Transactions  of  the  British  Ceramic  Society,  1940, 
vol.  39,  Sept.,  pp.  269-278).  The  author  reports  on  some  further 
experiments  in  the  study  of  the  effect  of  coal  gas  on  refractory 
materials  maintained  at  high  temperatures.  The  particular  objects 
in  this  case  were  to  determine :  (a)  The  effect  of  the  presence  of 
carbon  dioxide  in  the  coal  gas ;  and  (b)  the  minimum  temperature 
at  which  disintegration  of  the  firebricks  and  silica  bricks  occurred. 
The  general  conclusions  are  as  follows  :  (1)  Dry  coal  gas  direct 
from  the  mains  produced  no  effect,  or  very  little  effect,  on  specimens 
at  600°,  800°  and  900°  C. ;  (2)  moist  coal  gas  produced  no  effect  on 
specimens  maintained  at  900°  C. ;  (3)  dry  gas  from  which  the 
carbon  dioxide  had  been  removed  led  to  the  cracking  and  disinte- 
gration of  specimens  maintained  at  800°  and  900°  C. ;  (4)  the  mini- 
mum temperature  at  which  attack  took  place  was  approximately 
800°  C. ;  (5)  of  the  seven  specimens  subjected  to  the  action  of  the 
gas,  two  silica  and  one  firebrick  specimens  were  never  affected, 
whilst  in  the  remaining  four  firebrick  specimens,  cracking,  dis- 
integration and  the  formation  of  large  carbon  spots  resulted  ;  (6)  the 
*'  iron  spots  "  in  the  fireclay  brick  appeared  to  be  the  foci  of  the 
carbon  deposition  from  which  resulted  the  brick  disintegration ; 
and  (7)  it  was  thought  that  methane,  of  which  there  was  24%  by 
volume  in  the  coal  gas,  was  the  constituent  that  caused  the 
disintegration. 
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The  Measurement  of  Apparent  Porosity.  H.  H.  Macey.  (Trans- 
actions of  the  British  Ceramic  Society,  1940,  vol.  39,  Sept.,  pp.  279- 
288).  The  author  describes  an  investigation  the  object  of  which 
was  to  make  a  critical  comparison  of  different  methods  of  deter- 
mining porosity,  one  of  the  important  properties  of  refractory 
bricks.  The  methods  compared  included  two  air-expansion 
methods,  two  displacement  methods  (one  with  water  and  one  with 
paraffin)  and  four  modified  displacement  methods  (two  with  water 
and  two  with  paraffin).  The  author  found  that  the  most  common 
method — ^that  of  boiling  and  subsequent  evacuation — ^has  the  faults 
of  having  both  the  largest  inherent  and  largest  random  error.  (The 
''  inherent "  error  is  that  inherent  in  the  method ;  the  ''  random  " 
error  is  the  experimental  error  and  includes  errors  due  to  both  the 
method  and  the  observer.)  In  his  opinion  the  modified  displacement 
method  using  water  is  the  best  one  for  determining  porosity,  as  it 
is  very  accurate  and  requires  Uttle  time. 

Use  of  Alumimnm  Metal  in  ttie  Ceramic  Industry.  I.  Properties 
of  Betractories  Produced  with  Kixtnres  of  Alominimn,  Fire  COay  and 
Grog.  H.  6.  Schureoht  and  H.  I.  Sephton.  (Journal  of  the  Ameri- 
can Ceramic  Society,  1940,  vol.  23,  Sept.,  pp.  269-264).  The 
authors  found  that  the  addition  of  aluminium  powder  to  fireclay- 
grog  mixtures  greatly  increases  the  strength  of  the  fired  brick  as  a 
result  of  a  reaction  at  high  temperature  between  the  metal  and  the 
silica  present  in  the  clay  and  grog.  This  reaction  takes  place  at 
930^  C.  and  causes  the  temperature  to  rise  rapidly,  so  that  these 
refractories  need  be  heated  to  only  930°  C.  to  produce  hard  and 
well-fired  bricks.  The  authors  studied  the  properties  of  bricks  pro- 
duced from  a  variety  of  mixtures  of  grog,  fireclay  and  aluminium 
powder,  and  give  data  for  their  drying  and  firing  shrinkage,  porosity, 
thermal  behaviour,  compressive  strength,  load-carrying  capacity 
and  resistance  to  spalling. 

Refractories  for  Hign-Freaoency  Induction  Fomaoes.    L.  F. 

Keeley.  (Metallurgia,  1940,  vol.  22,  Sept.,  pp.  157-158  :  Befrac- 
tories  Journal,  1940,  vol.  16,  Oct.,  pp.  411-414).  The  author  dis- 
cusses in  an  elementary  manner  the  refractories  used  for  high- 
frequency  furnaces,  giving  particular  attention  to  the  technique  of 
ramming  and  patching  refractory  linings. 
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Safety  Fael  Engineering.  (Iron  and  Steel  Engineer,  1940,  vol. 
17,  Aug.,  pp.  40-52).  A  number  of  papers  on  safety  precautions 
in  the  use  of  gaseous  and  liquid  fuels  in  large  industrial  plants 
are  presented.  These  papers  have  been  prepw^  by  members  of 
the  fuel  department  of  the  Bethlehem  Steel  Co.  The  subjects  dealt 
with  are  : 
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Methods  of  Purging  Gas  Lines,  Holders,  Tanks,  &c.,  by  6.  J. 
Campbell. 

Carbon  Monoxide  and  its  Detection,  by  J.  S.  Morris. 

Operation  of  Gas  Safety  Regulators,  by  D.  G.  Hisley. 

Safety  and  the  Burning  of  Blast-Furnace  Gas,  by  C.  E. 
Duffy. 

Safety  Procedure  in  Gas  Fired  Furnaces,  by  J.  F.  Black. 

Precautions  in  the  Burning  of  Premised  Gases,  by  H.  L. 
Halstead. 

Safety  Procedure  in  Heavy  Oil  Fired  Furnaces,  by  E.  C. 
Davis. 

Boiler  Ciombustion  Ciontrol  in  the  Steel  Mill.  M.  J.  Boho.  (Blast 
Furnace  and  Steel  Plant,  1940,  vol.  28,  Aug.,  pp.  806-809).  The 
author  reviews  the  development  of  the  boiler  plants  of  large  steel- 
works during  the  last  twenty  years,  and  describes,  as  an  example, 
a  plant  consisting  of  five  boilers  with  a  total  steam  capacity  of 
about  1,460,000  lb.  per  hr.  Three  of  the  boilers  are  fired  with  a 
combination  of  blast-furnace  gas  and  coal  and  two  with  blast- 
furnace gas  alone,  and  the  author  describes  the  complicated  auto- 
matic control  system  which  regulates  the  steam  output. 

The  Net  Calorifle  Value  of  Coals.  T.  Evans.  (Analyst,  1940, 
vol.  as,  June,  pp.  362-363:  Fuel,  1940,  vol.  19,  Sept.,  pp.  181- 
183).  The  author  found  that  it  is  possible  to  calculate  the  net 
calorific  value  of  coals  from  most  of  the  British  coalfields  by  the 
use  of  data  available  in  the  proximate  analysis  and  without  the 
additional  determination  of  the  hydrogen  content.  His  method  of 
calculating  the  net  calorific  value  does  not,  however,  seem  to  be 
applicable  to  coals  firom  overseas. 

Ck)al-Screening  Plant  at  Piimxose  Hill  CioUieiy.  (Mechanical 
Handling  and  Conveying,  1940,  vol.  27,  Oct.,  pp.  236-236).  A  new 
coal-soreening  plant  erected  at  Primrose  Hill  Colliery  by  Goodall, 
Clayton  &  Co.,  Ltd.,  is  described.  It  is  designed  for  screening 
160  tons  per  hr.  into  five  different  sizes.  It  consists  of  the  following 
parts :  An  automatic  tippler,  a  feeder  conveyor,  a  jigging  screen, 
three  picking  belts  fitted  with  pulsating  loaders,  cross  conveyors 
for  dressings  and  a  longitudinal  conveyor  for  chippings  and  crushed 
dressings. 

Gravity  Coal  Washing.  A.  D.  Cummings.  (National  Associa- 
tion of  Colliery  Managers  :  Iron  and  Coal  Trades  Review,  1940, 
vol.  141,  Oct.  11,  pp.  360-361 ;  Oct.  18,  pp.  383-384).  The  author 
reviews  the  principal  processes  of  gravity  separation  of  coal,  dividing 
them  into  three  classes,  viz,,  those  using  (a)  heavy  liquids,  (6)  salt 
solutions  and  (c)  suspensions  of  insoluble  material  in  water.  He 
states  that  the  first  two  classes  are,  at  the  present  time,  quite  un- 
important compared  with  the  last.  He  describes  at  some  length 
the  most  frequently  used  processes  of  this  last  class,  which  are  the 
Chance,  Tromp,  Loess  and  Barvoys  processes,  pointing  out  that 
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too  few  results  have  as  yet  been  published  to  make  a  careful  com- 
parison of  the  relative  merits  of  these  processes  possible. 

A  Medium-Sized  Ck>ke-Oven  Plant  (Coke  and  Smokeless  Fuel 
Age,  1940,  vol.  2,  Aug.,  pp.  175-179).  An  illustrated  description 
is  given  of  a  new  coke-oven  plant  in  the  north  of  England,  designed 
to  carbonise  300-400  tons  of  coal  per  day.  The  plant  was  designed 
and  constructed  by  Simon-Carves,  Ltd. 

Friability»  GMndabili^,  Chemical  Analyses  and  Hiith-  and  Low- 
Temperatoze  Carbonization  Assays  of  Alabama  Coals.  E.  S.  Hertzog, 
J.  R.  Cudworth,  W.  A.  Selvig  and  W.  H.  Ode.  (United  States 
Bureau  of  Mines,  1940,  Technical  Paper  No.  611).  The  authors 
present  the  results  of  a  study  of  some  physical  and  chemical  pro- 
perties of  Alabama  coals.  The  research  was  carried  out  under  a 
co-operative  agreement  between  the  Bureau  of  Mines  and  the  School 
of  Mines  of  the  Alabama  University. 

Light  (HI  Recovery  bom  Coke-Oven  Oas.  W.  Tiddy  and  M.  J. 
Miller.  (American  Gas  Journal,  1940,  vol.  153,  Sept.,  pp.  7-10,  46). 
After  a  brief  review  of  the  development,  since  1860,  of  the  recovery 
of  light  oil  from  coke-oven  gas,  the  authors  describe  the  three 
processes  which  are  employed  for  this  purpose  and  which  are 
designated  as :  (a)  The  cooling  and  compression  system ;  (6)  the 
adsorption  system ;  and  (c)  the  absorption  or  wash-oil  system.  In 
conclusion  they  consider  the  advantages  and  disadvantages  of  the 
elimination  of  light  oil,  the  main  components  of  which  are  benzene, 
toluene,  xylene  and  naphthalene. 

Blast-Fomaoe  Oas  Cleaning.  (Iron  and  Steel,  1940,  vol.  13, 
Sept.,  pp.  458-459).  An  illustrated  description  is  given  of  a  com- 
plete gas-cooling  and  cleaning  plant  designed  for  a  throughput  of 
6*5  million  cu.  n;.  per  hr.  of  blast-furnace  gas.  The  plant  consists 
of  three  units,  each  comprising  a  precooler,  a  disintegrator  and  a 
spray  separator.  The  plant  effluent  is  dealt  with  by  two  Dorr 
thickeners.  The  degree  of  gas-cleanliness  of  not  exceeding  0*02  g. 
per  cu.  m.  as  specified  by  the  contractors  has  easily  been  maintained. 

Developments  in  Electrical  Precipitation  in  Steel  Plants.  C.  W. 
Hedberg  and  L.  M.  Roberts.  (Iron  and  Steel  Engineer,  1940, 
vol.  17,  July,  pp.  18-23).  The  authors  describe  recent  develop- 
ments in  the  use  of  electrical  precipitators  for  cleaning  blast-furnace 
and  coke-oven  gas  at  American  steelworks.  To  prevent  the  building- 
up  of  a  solid  precipitate  on  the  electrodes,  a  system  of  vertical 
tubular  collecting  electrodes  has  been  developed,  the  upper  ends  of 
which  are  fitted  into  a  header  plate ;  the  top  side  of  the  header 
plate  is  divided  into  ponds  by  vertical  metal  strips,  and  a  water 
supply  is  so  connected  that  controlled  amounts  of  water  are 
supplied  to  each  pond,  whence  it  overflows  uniformly  and  runs 
down  the  inner  siirface  of  each  tubular  electrode.  An  improve- 
ment which  reduces  the  consumption  of  electric  power  is  the  use 
of  the  **  half- wave  "  electrical  set ;  with  this  equipment  two  instead 
of  one  bank  of  electrodes  are  connected  to  a  single  rectifier,  and  a 
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power  impulse  is  supplied  to  each  bank  on  alternate  half-cycles 
inste€id  of  on  consecutive  half-cycles.  Experience  has  shown 
that  the  electric  power  consumption  for  blast-furnace  gas  cleaning 
averages  between  0-4  and  1-0  kWh.  per  100,000  cu.  ft.  of  gas  cleaned, 
and  that  the  total  water  consumption,  including  overflow  for  the 
collecting  electrodes  and  the  amount  required  for  flushing,  averages 
150-500  gal.  for  the  same  quantity  of  gas.  The  authors  also 
describe  some  tests  made  first  with  a  pilot  plant  and  then  with  a 
60,000-cu.-ft.-per-min.  precipitator  for  cleaning  gas  from  blast- 
furnaces producing  ferro-manganese  and  high-silicon  iron.  In  con- 
clusion they  give  an  account  of  some  successful  results  achieved  in 
the  detarring  of  coke-oven  gas  by  electrical  precipitation. 

The  Use  and  Application  of  Town's  Gas  as  an  Industrial  Fad. 
J.  E.  White.  (Fuel  Economy  Review,  1940,  vol.  19,  pp.  6-13, 
32).  The  author  discusses  the  advantages  of  the  use  of  town  gas 
as  an  industrial  fuel,  comparing  it  with  producer  gas  and  referring 
in  particular  to  wartime  requirements.  He  deals  mainly  with  the 
application  of  gas  in  the  metallurgical  industry  and  gives  a  brief 
illustrated  description  of  numerous  modem  types  of  gas-fired  salt 
baths  and  furnaces,  including  reverberatory,  tilting,  reheating  and 
annealing  furnaces. 
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Ciontinnons  Pig  Casting.  R.  Trautschold.  (Steel,  1940,  vol.  107, 
Sept.  9,  pp.  50,  72).  An  illustrated  description  is  given  of  a  con- 
tinuous casting  machine  at  one  of  the  blast-furnaces  of  Canadian 
Furnace,  Ltd.,  Port  Colbome,  Ontario.  The  conveyor  carries 
moulds  between  two  endless  chains.  The  machine  has  worked 
satisfactorily  for  long  periods,  producing  45-lb.  pigs  of  cast  iron  at 
the  rate  of  70  tons  per  hr. 

Prodnction  of  Pig  Iron  in  the  Electric  Furnace.  C.  Hart. 
(American  Institute  of  Mining  and  Metallurgical  Engineers,  Technical 
Publication  No.  1230:  Metals  Technology,  1940,  vol.  7,  Sept.). 
The  author  describes  and  illustrates  the  three  best-known  types  of 
electric  fimiace  used  for  the  production  of  pig  iron.  These  are: 
(1)  The  Swedish  Elektrometall  high-shaft  furnace ;  (2)  the  Siemens 
Halske  low-shaft  furnace  ;  and  (3)  the  Tysland  furnace  as  improved 
by  Hole  and  tried  out  by  Christiania  Spigerwerk  in  1926.  He 
presents  data  comparing  their  consumptions  and  outputs  and,  in 
conclusion,  reviews  the  economic  possibilities  of  the  smelting  of 
iron  ores  in  electric  furnaces  in  Sweden,  Norway,  France,  Italy, 
Finland,  the  United  States,  Canada  and  South  America. 

Ironfoonding  in  England  149&-1603.  R.  Jenkins.  (Trans- 
actions of  the  Newcomen  Society,  1938-39,  vol.  19,  pp.  35-48). 
The  author  gives  a  brief  historical  account  of  iron -founding  in 
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England  from  its  oommenoement  in  Stissez  in  1490  up  to  1803, 
when  large  numbers  of  guns  were  being  cast,  not  only  for  English 
ships,  but  also  for  export  to  the  Continent.  He  includes  an  account 
of  the  method  then  used  for  preparing  the  moulds  for  guns. 
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Moisture  Ckmtrol  of  Cupola  Air.  J.  L.  Brooks.  (Foundry, 
1940,  vol.  68,  Sept.,  pp.  38-39, 110).  The  author  describes  a  plant, 
used  by  a  foundry  manufacturing  piston  rings,  for  removing  the 
moisture  from  the  cupola  blast.  The  absorbent  used  is  a  solution 
of  lithium  chloride.  The  ability  of  this  solution  to  absorb  moisture 
depends  on  the  temperature  at  which  it  is  held  and  its  concentration. 
In  the  plant  described,  which  operates  on  what  is  known  as  the 
Kathabar  system,  the  concentration  of  the  solution  is  held  constant 
and  its  temperature  is  varied  so  that  the  required  amount  of  moisture 
is  absorbed. 

Sulphur  in  the  Cupola.  C.  D.  Abell.  (Foundry  Trade  Journal, 
1940,  vol.  63,  Oct.  3,  p.  219).  The  author  discusses  a  number  of 
methods  of  eliminating  sulphur  during  the  melting  of  iron  in  a 
cupola.  These  methods  include  :  (1)  The  use  of  ferro-manganese ; 
(2)  the  production  of  a  special  slag ;  (3)  the  addition  of  lime  or 
Ume-wa^ed  coke,  blast-furnace  slag,  soda  ash  or  common  rock 
salt ;  and  (4)  increasing  the  amoimt  of  slag  produced  by  the  cupola, 
altering  its  composition  and  running  the  furnace  more  slowly. 

New  SMZ  Alloy  Transforms  White  Cast  Iron  to  Strong  Gx^  Inm. 
(Steel,  1940,  vol.  107,  Sept.  23,  p.  57).  Some  particulars  are  given 
respecting  the  use  of  a  graphitising  alloy  known  as  SMZ  (it  contains 
silicon,  manganese  and  zirconium)  as  a  ladle  addition  to  cast  iron. 
It  is  claimed  that  this  addition  will  convert  a  normally  hard  white 
iron  into  a  high-duty  grey  iron. 

Pearlitic  Malleable  from  the  Electrio  Furnace.  E.  F.  Cone. 
(Metals  and  Alloys,  1940,  vol.  12,  Aug.,  pp.  160-153).  The  author 
reviews  the  properties  and  gives  a  brief  illustrated  account  of  the 
production,  at  the  Bolle  City  Malleable  Iron  Co.,  Racine,  Wisconsin, 
of  Belmalloy  and  Belectromal,  the  former  being  a  pearUtic,  the 
latter  a  high-strength  malleable  cast  iron.  Both  alloys  are  made 
from  a  base  metal,  the  composition  of  which  is  not  stated,  by 
melting  with  certain  alloy  adoitions  in  an  electric-arc  furnace  with 
subsequent  annealing  in  a  Dressier  tunnel  kiln. 

Investigates  Ptoblem  of  Cooling  Sand.  F.  H.  Amos.  (Foundry, 
1940,  vol.  68,  Aug.,  pp.  34r-35,  92).  The  author  considers  the 
problem  of  the  cooling  of  moulding  sand  and  presents  a  number  of 
graphs  and  data  respecting  the  heat  losses  dining  the  various  stages 
of  founding  as  the  iron  cools  from  tapping  temperature  to  room 
temperature. 
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The  Bunning  of  Castings.  F.  Henon.  (Foundry  Trade  Journal, 
1940,  vol.  63,  Oct.  10,  pp.  239-242).  The  author  discusses  the  theory 
and  practice  of  metal-pouring  with  special  reference  to  the  type  of 
runner,  the  number  and  dimensions  of  the  gates  and  risers,  and  the 
speed  at  which  the  metal  fills  the  mould.  He  develops  a  number  of 
formulsB  for  calculating  the  velocity  of  the  metal  entering  the 
mould  under  different  conditions  of  pouring. 

The  Importance  of  TeUniicim  in  Mannfactuiing.  C.  C.  Drake. 
(Mines  Magazme,  1940,  vol.  30,  Sept.,  pp.  498-500,  616,  519).  The 
author  outlines  numerous  improvements  in  the  methods  of  melting, 
casting  and  cooling  employed  in  the  manufacture  of  chill-cast 
railway  wagon  wheels  in  the  United  States.  He  refers  in  particular 
to  a  method  of  controlling  the  depth  of  the  chilled  and  transition 
zones  by  additions  of  silicon  and  chromium  to  the  ladle,  and  states 
that  a  more  recent  development  is  the  simultaneous  use  of  the 
graphitising  and  stabilising  agents,  graphite  and  tellurium.  This 
technique  permits  of  a  greater  measure  of  control  of  the  depth  of 
chill  and  produces  a  softer  and  stronger  metal  which  supports  the 
chilled  tread  and  flange  of  the  wheel. 

Causes  of  Gray  Iron  Casting  Defects.  W.  B.  McFerrin.  (Iron 
Age,  1940,  vol.  146,  Sept.  5,  pp.  44-47).  The  author  presents  in 
tabular  form  a  list  of  thirty-two  types  of  defects  foimd  in  grey-iron 
castings  and  their  causes,  the  latter  being  classified  according  to  their 
degree  of  probability. 
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Weirton  Steel  Company.  C.  Longenecker.  (Blast  Furnace  and 
Steel  Plant,  1940,  vol.  28,  Aug.,  pp.  773-790,  826).  After  outlining 
the  development  of  the  Weirton  Steel  Co.  since  its  foundation  36 
years  ago,  the  author  describes  the  plant  in  detail,  under  the  follow- 
ing headings:  Coke-ovens;  blast-fmnaces ;  open-hearth  and 
Bessemer  department ;  soaking  pits ;  40-in.  blooming  mill ;  bar 
mills;  35-in.  breakdown  mill;  23-in./29-in.  mill  for  structural 
steel ;  sheet  mill ;  Weirton  tinplate  mill ;  strip  mills ;  finishing 
department  for  wide-strip  mill ;  finishing  department  for  10-  and 
16-in.  strip  mills ;  Steubenville  tinplate  mill ;  power  production ; 
boilers ;  metallurgical  department ;  mechanical  department ;  and 
accident  prevention. 

Toongstown  Sheet  and  Tube  Company,  Chicago  District.  T.  J. 
Ess  and  J.  D.  Kelly.  (Iron  and  Steel  Engineer,  1940,  vol.  17, 
Sept.,  pp.  Y-l-Y-18).  The  authors  present  a  detailed  account  of 
the  activities  and  plant  of  the  Youngstown  Sheet  and  Tube  Co.,  at 
Indiana  Harbor.  This  plant  includes  two  batteries  of  coke-ovens, 
two  blast-furnaces,  eight  open-hearth  furnaces,  two  converters,  a 
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blooming  mill,  billet  and  bar  mills,  a  skelp  mill,  merchant  mills, 
pipe  production  facilities  and  a  modem  wide-strip  mill. 

Wisoonsin  Steel  Ck>mpany.  T.  J.  Ess.  (Iron  and  Steel  Engineer, 
1940,  vol.  17,  Sept.,  pp.  W.2-W-16).  The  author  gives  a  detailed 
and  illustrated  description  of  the  works  of  the  Wisconsin  Steel  Co., 
near  Chicago.  This  plant  includes  three  batteries  of  coke-ovens, 
three  blast-furnaces,  nine  open-hearth  furnaces,  bloom  and  billet 
mills,  and  section  and  bar  mills  capable  of  producing  480,000  tons 
of  rolled  steel  per  annum. 

Granite  City  Steel  Company--Steel  Pioneers  in  the  West.    T.  J. 

Ess  and  J.  D.  Kelly.  (Iron  and  Steel  Engineer,  1940,  vol.  17,  July, 
pp.  1-GC-lO-GC).  A  description  with  numerous  illustrations  is 
given  of  the  development  and  present  plant  of  the  Granite  City 
Steel  Co.,  at  Granite  City,  Illinois.  The  company  now  has  an 
annual  ingot  capacity  of  400,000  tons  from  ten  60-ion  basic  open- 
hearth  furnaces.  The  final  product  is  mainly  steel  sheet  and  strip, 
for  which  a  90-in.  hot  strip  mill  and  cold-reduction  mills  were 
installed  in  1936. 

Open-Hearth  Trends.  W.  J.  Reagan.  (Steel,  1940,  vol.  107, 
July  22,  pp.  62-66,  75 ;  July  29,  pp.  68-62,  72).  In  his  discussion 
of  the  trends  of  open-hearth  practice  in  the  United  States  the  author 
gives  reasons  for  his  opinion  that  the  capacity  of  these  furnaces  will 
not  increase  beyond  about  150  tons.  Other  points  worthy  of  note 
are  :  (a)  Sloping  back  walls  are  becoming  standard  practice ; 
(b)  insulation  is  now  largely  used  below  the  floor  level,  and  its  use 
above  this  point  is  being  extended ;  (c)  the  increased  use  of  basic 
refractories,  especially  chrome  and  chrome-magnesite  bricks,  for 
the  furnace  hearth ;  {d)  the  increased  use  of  instruments,  par- 
ticularly for  temperatiu*e  measurement ;  and  (e)  the  extension  of  the 
duplex  process  to  very  large  plants,  as  exemplified  by  a  works  now 
under  construction  which  will  include  three  1200-ton  mixers,  five 
60-ton  basic  Bessemer  converters  and  six  150-ton  open-hearth  tilting 
furnaces. 

Handling  by  Magnet  Cranes  in  the  Steel  and  Engineering  In- 
dustries. (Iron  and  Steel,  1940,  vol.  13,  Sept.,  pp.  446-449). 
Electro-magnets  of  different  types  for  lifting  steel  scrap,  ingots, 
tubes,  bars  and  angles  in  steelworks,  foundries  and  engineering  shops 
are  described. 

Statistical  Analysis  of  Metallurgical  Problems.  E.  M.  Schrock. 
(Metal  Progress,  1940,  vol.  38,  Aug.,  pp.  153-168).  The  author 
outlines  some  successful  applications  of  statistical  analysis  to 
metallurgical  problems  connected  with  the  control  of  materials  and 
the  production  of  steel  at  the  works  of  the  Jones  and  Laughlin  Steel 
Corporation. 
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REHEATING  FURNACES 


Billet  Heating.  C.  F.  Herington.  (Iron  Age,  1940,  vol.  146, 
Aug.  29,  pp.  26-29).  The  author  describes,  with  numerous  illustra- 
tions, a  modem  furnace  fired  with  pulverised  coal  for  the  reheating 
of  billets  and  bars.  The  capacity  of  the  furnace  is  about  120  tons  of 
15-ft.  bars  per  7  J-hr.  day,  with  a  fuel  consumption  of  about  210  lb. 
of  coal  per  ton  of  steel .  The  furnace  design  provides  for  foiu*  streams 
of  gases  moving  from  a  single  bank  of  burners  at  one  end  of  the 
furnace ;  these  divide  at  the  centre  of  the  furnace  and  move  towards 
each  end  of  the  hearth,  passing  both  above  and  below  the  steel.  A 
high  degree  of  automatic  control  has  been  incorporated. 

New  Type  Billet  Heating  Furnace  for  Non-Ferrons  Metals  and 
Steel.  (Iron  and  Steel,  1940,  vol.  13,  Sept.,  pp.  469^70).  A  brief 
description  is  given  of  an  automatic,  gas-fired  furnace  for  heating 
billets  for  subsequent  pressing  or  forging  operations.  The  furnace 
is  designed  to  take  17  insulated  trays  5  ft.  by  2  ft.  on  which  the  billets 
are  loaded ;  these  trays  are  moved  through  the  furnace  by  hydraulic 
pushers,  and  the  discharging  mechanism  is  so  arranged  that  when  the 
press  operator  wants  a  heated  billet,  he  pushes  a  button,  which 
causes  one  billet  to  be  discharged  on  to  a  conveyor  leading  to  the 
press.    The  heating  and  soaking  time  is  1^-2  hr. 
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Valve  Forging.  (Automobile  Engineer,  1940,  vol.  30,  Aug.,  pp. 
235-238).  An  illustrated  description  is  presented  of  the  machinery 
used  and  the  sequence  of  operations  in  the  manufacture  of  valves 
for  internal-combustion  engines  at  the  works  of  Guest,  Keen  and 
Nettlefold,  Ltd.  Special  completely  automatic  electric  upsetting 
machines  have  been  developed  for  mass  production  and  over  ten 
million  valves  have  been  produced  during  the  five  years  ending  1938. 

Power  Eoonomy  in  Hydraulic  Press  Forging.  V.  Tatarinofi*. 
(Heat  Treating  and  Forging,  1940,  vol.  26,  June,  pp.  277-280).  The 
author  describes  some  examples  of  the  uneconomic  operation  of 
hydraulic  presses  and  discusses  some  recommendations  for  securing 
more  economic  working.  He  recommends  that  the  losses  of  pressure 
water  due  to  leakage  should  be  recorded  at  least  twice  a  week,  and 
if  the  leakage  exceeds  5  gal.  per  min.  the  source  should  be  traced 
and  repairs  made.  Good  co-ordination  between  the  press  operators 
and  the  pump-room  staff"  is  also  necessary,  and  a  system  of  signalling, 
whereby  the  former  can  indicate  to  the  latter  whether  the  class  of 
work  to  be  undertaken  is  light,  medium  or  heavy,  will  also  assist  in 
the  more  economical  use  of  the  pumping  plant. 
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Progress  in  Metal  Stamping  Tools  and  EooiiRnient.*  C.  L.  Sza- 

lanczy.  (Heat  Treating  and  Forging,  1940,  vol.  26,  July,  pp. 
340-343) .  The  author  describes  and  illustrates  some  recent  develop- 
ments in  the  design  and  construction  of  metal  dies  for  the  mass 
production  of  stampings. 


ROLLING-MILL  PRACTICE 


Quality  Problems  in  the  Operation  of  Wide  Strip  Mills.  O.  D. 
Tranter.  (Iron  and  Steel  Engineer,  1940,  vol.  17,  July,  pp.  38- 
44).  The  author  describes  the  technique  employed  in  the  rolnng  of 
wide  steel  strip  at  the  Middletown  works  of  the  American  Bomng 
Mill  Co.  He  stresses  the  co-ordination  which  exists  between  the 
open-hearth,  slabbing-mill  and  strip-mill  departments.  These 
rolling  mills  have  been  described  in  a  recent  article  entitled  ''  New 
Slabber-Edger  Setup  "  (see  Joum.  I.  and  S.I.,  1940,  No.  11.,  p.  13  a). 

Tension  Control  for  Skin  Pass  Hills.  C.  P.  Croco.  (Steel,  1940, 
vol.  107,  Sept.  16,  pp.  68-72,  149).  The  author  describes  the 
development,  at  first  on  an  experimental  scale,  and  then  on  a  full 
scale  for  service  in  a  rolling  mill,  of  a  tensometer  for  automatically 
maintaining  the  desired  tension  on  steel  strip  as  it  passes  from  one 
mill-stand  to  the  next. 

Strip  Plant  Finishing  Equipment.  D.  A.  McArthur.  (Iron  and 
Steel  Engineer,  1940,  vol.  17,  Aug.,  pp.  22-30).  The  author  describes 
and  illustrates  the  processes  and  equipment  used  for  the  finishing 
operations  of  continuously  rolled  ste^l  strip  in  accordance  with 
modem  American  practice. 

The  Posh  Bench  Process  of  Seamless  Tube  Uanntactore.    J. 

Porteous.  (B.  H.  P.  Review,  1940,  vol.  17,  Aug.,  pp.  8-12).  The 
author  describes  the  plant  and  process  used  in  the  production  of 
seamless  steel  tubes  at  the  works  of  Stewarts  and  Lloyds  (Australia) 
Pty.,  Ltd.,  Newcastle,  New  South  Wales.  The  push-bench  process, 
which  is  a  development  of  the  Ehrhardt  process,  is  used.  In  this, 
the  billet  is  heated  and  pierced  to  form  a  "  bottle,"  which  is  a  short 
length  of  thick  tube  closed  at  one  end ;  the  bottle  is  then  reheated 
and  pushed  through  a  series  of  roller  dies  of  gradually  decreasing 
diameter.  The  closed  end  is  cut  off,  and,  after  being  reheated,  the 
rough  tube  passes  through  a  finishing  mill,  which  reduces  it  to  the 
required  dimensions. 

Electrical  Equipment  for  Armco  Slabbing  Mill.  A.  F.  Kenyon. 
(Iron  and  Steel  Engineer,  1940,  vol.  17,  Aug.,  pp.  32-38).  An 
illustrated  description  is  given  of  the  electrical  equipment  and  cir- 
cuits for  the  drive  of  the  reversing  slabbing  mill  of  the  American 
Rolling  Mill  Co.,  Middletown,  Ohio. 

D.C.  Mill  Motor  Standards.  G.  R.  Carroll.  (Iron  and  Steel 
Engineer,  1940,  vol.  17,  Aug.,  pp.  64-67).    The  author,  who  is 
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chairman  of  one  of  the  standardisation  committees  of  the  Association 
of  Iron  and  Steel  Engineers,  presents  the  findings  of  his  committee 
after  its  examination  of  the  question  of  standard  ratings  and 
dimensions  for  D.C.  motors  for  rolling  mills. 

Electron  Tube  Ckmtrol  for  Steel-Mm  Application.  H.  L.  Palmer 
and  H.  W.  Poole.  (Iron  and  Steel  Engineer,  1940,  vol.  17,  July, 
pp.  46-59).  After  explaining  the  theory  of  electric  relays  operated 
by  a  photo-electric  cell  in  conjunction  with  electron  valves  and 
amplifiers,  the  authors  describe  some  applications  of  these  instru- 
ments to  the  control  of  certain  rolling-mill  equipment,  such  as 
automatic  sheet  catchers,  rod-mill  shears,  run-out  tables,  pyro- 
meters, pin-hole  detectors  for  tinplate,  strip-mill  coilers,  electric 
resistance  welders  and  timing  devices. 


PYROMETRY 


Optical  Pyrometry.  W.  E.  Forsythe.  (Journal  of  Appfied 
Physics,  1940,  vol.  11,  June,  pp.  408-419).  The  author  explains 
the  principles  and  construction  of  optical  pyrometers,  methods  of 
calibrating  and  testing  them,  and  the  calculations  involved  in  their 
design  and  application. 

Practical  Applications  of  Temperatoze  Ck>ntrol  and  Measurement. 

W.  M.  Barrat.  (Journal  of  the  Junior  Institution  of  Engineers, 
1940,  vol.  61,  Oct.,  pp.  14-23).  The  author  describes  in  an  element- 
ary way  the  use  of  thermocouples  in  pyrometers  and  in  instruments 
installed  for  the  automatic  temperature  control  of  gas-fired  furnaces, 
referring  in  particular  to  the  importance  of  temperature  control  in 
the  heat  treatment  of  steel. 

A  High  Sensitivity  Radiation  Pyrometer.  N.  E.  Dobbins,  K.  W. 
Gee  and  W.  J.  Bees.  (Transactions  of  the  British  Ceramic  Society, 
1940,  vol.  39,  Aug.,  pp.  263-257).  The  authors  have  developed  a 
pyrometer  which  consists  of  a  lens  and  mirror  system  throwing  an 
image  of  the  sinrface  of  a  small  specimen  inside  a  furnace  on  to  a 
screen  in  which  is  cut  an  elliptical  hole  of  such  dimensions  that  the 
fight  forming  the  centre  part  of  the  image  is  allowed  to  pass  and 
strike  a  photo-electric  cell.  A  caUbration  curve  for  the  pjrrometer 
was  obtained  by  setting  it  up  in  front  of  a  surface  the  temperature 
of  which  had  been  determined  by  means  of  an  optical  pyrometer. 
The  authors  claim  that  their  pyrometer  is  much  more  sensitive 
than  the  usual  type  of  optical  or  radiation  pyrometer,  an  alteration 
in  temperature  of  1°  C.  at  2000°  C.  being  easily  detected,  and,  with 
certain  precautions,  even  a  change  of  only  0-5°  C.  A  further 
advantage  is  that  the  target  area  needed  for  observation  is  very 
small. 
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Principles  of  Oas  Carburizmg.  J.  A.  Dow.  (Industrial  Heat- 
ing, 1940,  vol.  7,  June,  pp.  491^94,  502;  July,  pp.  694-696). 
Tho  author  discusses  the  principles  of  gas  carburising  in  an  element- 
ary way,  dealing  mainly  with  the  impori^ance  of  the  composition 
and  uniform  distribution  of  the  carburising  gas  and  emphasising 
the  deleterious  effect  of  the  presence  of  carbon  dioxide  and  water 
vapour.  He  briefly  describes  a  method  of  measuring  the  carburising 
strength  of  a  gas  mixture.  In  conclusion  he  reports  on  his  own 
experiments  which  indicated  that :  (a)  The  results  obtained  by 
gas-carburising  in  a  muffle  and  in  a  radiant-tube  furnace  are  equally 
satisfactory ;  and  (6)  the  case  depths  obtained  under  identical  condi- 
tions of  treatment  are  approximately  the  same  for  steels  of  different 
compositions. 

Salt  Solution  Ejector.  (Machine  Shop  Magazine,  1940,  vol. ,  June, 
p.  71).  A  brief  description  is  given  of  a  simple  device  which  facili- 
tates the  removal  of  spent  salt  solution  from  a  salt-bath  furnace. 
The  device  consists  of  an  inverted  U-tube  one  leg  of  which  is 
immersed  in  the  bath  and  the  other  projects  into  a  catch-pit 
situated  at  a  lower  level  than  the  bath.  A  motor-driven  suction 
pump  is  connected  to  the  tube,  and,  on  switching  on  the  motor,  the 
liquid  is  drawn  over  from  the  salt  bath  to  the  catch-pit.  A  16-ton 
bath  can  be  completely  emptied  in  about  20  min.  The  control 
unit  is  manufactured  in  a  number  of  standard  sizes,  the  largest 
having  a  maximum  continuous  discharge  capacity  of  26  tons 
per  hr. 

Some  Metallurgical  Phases  of  Flame  Hardening.  R.  O.  Day. 
(Metals  and  Alloys,  1940,  vol.  12,  Aug.,  pp.  167-171).  The  author 
considers  flame-hardening  to  be  a  simple  process  of  heating  and 
quenching  in  accordance  with  recognised  theories  of  hardening. 
He  points  out  that  tho  speed  of  operation,  whilst  fast,  is  not  greater 
than  the  speed  of  reaction  of  harden  able  steel  of  normal  pearlitic 
or  sorbitic  structure ;  and  he  discusses  the  phenomena  involved  in 
the  flame-hardening  of  alloy  steels,  cast  iron  and  malleable  iron. 
In  conclusion  he  reports  on  his  study  of  tho  hardness  and  micro- 
structure  of  flame-hardened  cases,  which  revealed  that,  although 
the  temperature  gradient  during  treatment  is  of  necessity  steep, 
there  is  never  an  abrupt  change  from  the  case  to  the  untreated  core, 
but  there  is  always  a  definite  transition  zone  in  which  the  hardened 
case  gradually  changes  in  both  hardness  and  structure  to  the 
untreated  base  material,  this  transition  zone  being,  as  a  rule, 
shallower  under  thin  cases  and  in  alloy  steels. 

Flame  and  Electrical  Surface  Hardening.  (Mechanical  World, 
1940,  vol.  108,  Oct.  11,  pp.  265-267).  Descriptions  are  given  of 
the  principles  and  equipment  used  for  the  surface-hardening  of 
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steel  by  the  Shorter  and  Tocco  processes.  The  former  process  is  a 
well-known  one.  In  the  latter  process  the  heat  is  applied  electric- 
ally by  surrounding  the  part  with  an  inductor  block  which  carries 
a  H.F.  current  of  the  order  of  9000  amp.  at  a  frequency  of  about 
2250  cycles  per  sec.  The  inductor  block  also  incorporates  a  number 
of  quenching  jets,  and  mechanism  is  provided  by  means  of  which 
the  current  is  automatically  switched  on  and  off  and  the  water  is 
turned  on  at  the  correct  time  interval.  As  special  inductor  blocks 
are  usually  required  for  each  particular  job,  the  Tocco  process  is 
most  economical  for  mass-production  work  such  as  the  hardening 
of  the  journals  of  automobile  crankshafts. 

Nttriding  o!  Steels.  F.  W.  Haywood.  (Wild-Barfield  Heat- 
Treatment  Journal,  1940,  vol.  4,  Sept.,  pp.  11-16).  The  author 
describes  and  illustrates  the  theory  and  practice  of  nitriding  as 
applied  to  steels  containing  one  or  more  elements  such  as  aluminium, 
chromium  or  vanadium,  which  readily  form  nitrides,  and  0'2-0*5% 
of  carbon.  He  enumerates  the  advantages  of  nitriding  as  follows  : 
(1)  The  process  is  clean,  cheap  and  simple ;  (2)  there  is  no  distor- 
tion of  the  parts,  owing  to  the  low  temperature  of  the  treatment ; 
(3)  as  quenching  is  not  required,  the  risk  of  quenching  cracks  is 
avoided ;  (4)  slight  growth  is  experienced,  but  this  is  much  smaller 
than  with  carburising ;  (5)  extremely  hard  cases  are  produced  and 
the  greatest  degree  of  hardness  is  obtained  0-001-0-003  in.  below 
the  surface,  from  which  depth  the  hardness  gradually  tapers  ofif 
into  the  core,  so  that  the  risk  of  spalling  is  eUminated. 

The  Metallurgy  of  Hiith  Speed  Steel.  J.  6.  Ritchie.  (Metals 
Treatment  Society  of  Victoria  and  the  Melbourne  University  Metal- 
lurgical Society  :  Australasian  Engineer,  1940,  vol.  40,  Aug.  7,  pp. 
16-20,  36).  The  author  points  out  the  theoretical  basis  of  the  heat 
treatment  for  high-speed  tool  steel  (containing  tungsten  18%, 
chromium  4%  and  vanadium  1%)  and  explains  the  practical  sig- 
nificance of  each  theoretical  point.  As  the  alloying  elements  in 
high-speed  steel  have  many  similar  oflFects  on  the  normal  iron-carbon 
diagram,  it  is  possible  as  an  approximation  to  consider  this  steel  as 
a  ternary  iron-carbon-tungsten  alloy,  and  the  author  accordingly 
presents  a  section  of  this  ternary  diagram  at  20%  tungsten.  After 
describing  the  casting  and  forging  of  ingots  of  high-speed  steel,  the 
author  goes  on  to  discuss  the  structiural  changes  which  occur  during 
the  heat  treatment  and  tempering  of  this  steel  with  reference  to  the 
diagram  mentioned  above.  He  concludes  with  some  observations 
on  the  control  of  the  atmosphere  and  the  temperature  of  heat- 
treatment  furnaces. 

Selection  of  Steel  and  Heat  Treatment  for  Spur  Gears.    H.  B. 

Knowlton  and  H.  E.  Snyder.  (Transactions  of  the  American 
Society  for  Metals,  1940,  vol.  28,  Sept.,  pp.  687-701).  The  authors 
discuss  the  selection  of  steel  and  the  correct  heat  treatment  for  the 
manufactiu*e  of  case-hardened  spur  gears  on  the  basis  of  both 
service  experience  and  laboratory  tests. 
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Heat    Treatment— Large   Batch    Treatment     W.    H.    Grain. 

(Machine  Shop  Magazine,  1940,  June,  pp.  84r-87).  The  author 
descrihes  some  modem  heat-treatment  furnaces  for  treating  material 
in  batches,  and  stresses  some  points  which  require  particular 
attention  when  purchasing  such  a  furnace. 

Heat  Treating  the  Track  of  a  Tractor.  H.  J.  Gregg.  (Industrial 
Heating,  1940,  vol.  7,  July,  pp.  687-.592).  The  author  describes 
the  heat  treatment  of  the  shoes,  links  and  driving  sprockets  ot 
tractor  tracks,  and  briefly  touches  on  their  manufacture  as  practised 
at  the  Caterpillar  Tractor  Co.,  Peoria,  Illinois. 

Flue  Oases  from  Heat-Treatment  Fomaces.  O.  G.  Pamely- 
Evans.  (Metallurgia,  1940,  vol.  22,  Sept.,  pp.  159-160).  The 
author  outlines  the  methods  for  the  physical  and  chemical  examina- 
tion and  for  the  conditioning  of  flue  gases  in  heat-treatment  fur- 
naces, making  a  sharp  division  between  muffle  furnaces  and  those 
furnaces  in  which  the  combustion  products  are  in  direct  contact 
with  the  charge  to  be  heated.  He  suggests  a  combination  of  instru- 
ments which  would  allow  close  watch  to  be  kept  on  the  flue  gases, 
so  that  even  varying  weather  conditions  might  be  indicated.  He 
points  out,  however,  that  such  instrumentation  would  be  expensive 
and  the  return  on  capital  outlay  only  small ;  whereas  the  installa- 
tion of  part  of  the  items  suggested  might  prove  desirable. 

Ciontoolled  Atmospheres  for  Modem  Foxnaoes.  H.  M.  Heyn. 
(Industrial  Heating,  1940,  vol.  7,  Aug.,  pp.  683-688,  692).  The 
author  enumerates  the  gases  and  gas  mixtures  forming  the  more 
commonly  used  protective  atmospheres  of  heat-treatment  furnaces. 
He  discusses  the  production  of  these  atmospheres  and  their  selection 
for  different  purposes. 

Bright  Anneiding  of  Chromium  Steels.  O.  Dahl  and  F.  Pawlek. 
(Iron  and  Coal  Trades  Review,  1940,  vol.  141,  July  26,  pp.  85-86 ; 
Aug.  2,  pp.  113-114).  An  abridged  English  translation  is  presented 
of  the  authors'  paper,  in  which  they  discuss  the  properties  essential 
to  a  protective  atmosphere  for  the  successful  bright  annealing  of 
18/8  stainless  steels.  The  paper  originally  appeared  in  Stahl  und 
Eisen,  1940,  vol.  60,  Feb.  16,  pp.  137-142.  (See  Joum  I.  and  S.I., 
1940,  No.  I.,  p.  242  a). 

Continuous  Annealing.  R.  J.  Wean.  (Iron  and  Steel  Engineer, 
1940,  vol.  17,  Sept.,  pp.  59-62).  The  author  describes  and  illus- 
trate a  continuous  annealing  plant  for  annealing  tinplate  strip. 
The  principal  feature  of  this  equipment  is  that  the  heating  and 
cooling  chambers  are  in  the  vertical,  instead  of  the  horizontal, 
position.  The  furnace  is  30  ft.  high,  and  is  gas-fired  by  means  of 
horizontal  radiant  tubes.  This  plant  will  anneal  tinplate  strip  up 
to  38  in.  wide  at  speeds  between  75  and  300  ft.  per  min.,  according 
to  the  gauge.  The  advantages  claimed  for  this  type  of  plant  are  : 
(1)  Economy  of  floor  space ;  (2)  ease  of  control ;  (3)  imiformity  in 
the  properties  of  the  product ;  (4)  elimination  of  the  conventional 
electrolytic  cleaning ;  and  (6)  fast  operation. 


HEAT  TREATMENT.  15  A 


Ckmtinaoiis  Heat  Treating  Machine  Quickly  Built  for  Emergency 
Service.  H.  C.  Knerr.  (Metal  Progress,  1940,  vol.  38,  Aug.,  pp. 
147-152).  The  author  describes  an  automatic  heat-treatment  plant 
which  was  built  in  two  months  for  the  heat  treatment  of  forgings, 
castings  and  rough-machined  parts  of  uniform  size  up  to  about 
5  in.  in  dia.  and  2  ft.  in  length.  The  whole  unit  consists  of  three 
parts,  a  preheating  and  soaking  furnace,  a  quenching  device  and 
a  tempering  furnace.  Its  overall  length  is  45  ft.  Both  furnaces 
are  fired  with  propane,  the  former  working  at  up  to  1600°  F.  and 
the  latter  at  up  to  1300°  F.  The  mechanical  devices  passing  the 
material  through  the  unit  enable  a  throughput  of  1000  lb.  per  hr. 
to  be  maintained. 

Strand  Heat  Treating  Cold  Strip.  N.  P.  Goss  and  C.  H.  Vaughan. 
(Steel,  1040,  vol.  107,  Sept.  9,  pp.  52-57,  72).  The  authors  describe 
a  continuous  annealing  furnace  which  was  installed  at  the  works 
of  Cold  Metal  Process  Co.,  Youngstown,  Ohio,  in  1937,  for  the  heat 
treatment  of  wide  cold-rolled  steel  strip.  The  heating  chamber  of 
this  furnace  is  3  ft.  8  in.  wide  by  30  ft.  long,  and  its  capacity  is 
40  tons  of  low-carbon  steel  strip  in  widths  up  to  36  in.  in  24  hr. 
The  strip  passes  over  the  roller-hearth  of  the  furnace,  through  an 
insulated  tunnel  into  a  cooling  chamber  72  ft.  long  in  which  the 
cooling  is  done  by  a  helical  coil  of  tubing  carrying  cooling  water. 
The  grain  size  of  the  finished  strip  can  be  controlled  by  adjusting 
the  speed  at  which  it  passes  through  the  furnace.  In  conclusion 
the  authors  discuss  the  hardness,  grain  size  and  deep-drawing 
properties  of  strip  which  has  been  heat  treated  in  this  furnace. 

mm  Thermal  Stress-Believing  Reduces  Residual  Stresses.  H. 
Lawrence.  (Welding  Engineer,  1940,  vol.  25,  Apr.,  pp.  19-21,  23). 
The  author  explains  how  residual  stresses  are  set  ^up  in  welded 
Btructures  and  the  principles  involved  in  the  methods  of  relieving 
them. 

A  Stress-Relieving  Furnace  for  Welded  Structures.  L.  G.  A. 
Leonard.  (Metallurgia,  1940,  vol.  22,  Sept.,  pp.  137-138).  The 
author  describes  a  stress-relieving  furnace  recently  installed  at  the 
works  of  Daniel  Adamson  &  Co.,  Ltd.  It  is  of  the  car-bottom  type 
and  of  large  size,  being  36  ft.  long,  14  ft.  wide  and  14  ft.  high. 
It  has  been  designed  to  take  pressure  vessels  weighing  from  25  to 
30  tons,  and  can  be  used  for  normalising  at  920^  C.,  as  well  as  for 
stress-relieving  at  600-650°  C.  It  is  heated  by  36  low-pressure  gas- 
burners  arranged  in  three  zones,  which  in  turn  are  subdivided 
into  four  groups  of  burners.  The  temperature  of  the  zones  is 
controlled  independently  by  thermocouples  inserted  through  the 
roof. 

Additional  Furnace  and  Quenching  Facilities  Installed  at  Carnegie^ 
minois  South  Works.  (Industrial  Heating,  1940,  vol.  7,  Aug.» 
pp.  704-709).  An  electrically-heated  bell-type  heat-treatment  fur- 
nace and  a  new  quenching  tank  are  described  which  were  recently 
installed  at  the  South  Works  plant  of  the  Carnegie-Illinois  Steel  Cor< 
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poration,  Chicago.  The  plant  now  conaists  of  three  furnaces  and 
two  quenching  tanks  equipped  to  operate  under  fully  automatic 
control.  The  new  furnace  is  designed  to  handle  charges  of  up  to 
18,000  lb.,  taking  bars  up  to  10  in.  in  dia.  and  30  ft.  long,  or  plates 
up  to  62  in.  wide.  The  capacity  of  the  new  quenching  tank  is 
18,000  gal. 

Bright  Hardening  of  Tool  Steels  Withoot  Decarbiirization  of 
Distortion.  J.  R.  Gier  and  H.  Scott.  (Transactions  of  the  American 
Society  for  Metals,  1940,  vol.  28,  Sept.,  pp.  671-684).  The  authors 
describe  a  furnace  and  heat-treatment  procedure  for  the  hardening 
of  tool  steel  without  the  risk  of  siu*face  damage  by  oxidation  and 
decarburisation.  The  method  is  particularly  suitable  for  alloy 
steels  of  the  air-hardening  type  used  for  blanking  dies.  A  furnace 
with  an  all-metal  muffle  and  a  protective  atmosphere  of  dissociated 
ammonia  are  used. 

Heat  Treating  Small  Arms.  (Industrial  Heating,  1940,  vol.  7, 
Aug.,  pp.  690-692).  A  brief  illustrated  description  is  given  of  the 
heat-treatment  and  blueing  departments  of  Colt's  Patent  Fire  Arms 
Manufacturing  Co.,  Hartford,  Connecticut. 


WELDING  AND  CUTTING 


Minerals  Used  in  Welding.  O.  C.  Ralston  and  M.  W.  von 
Berne witz.  (United  States  Bureau  of  Mines,  1940,  June,  Informa- 
tion Circular  7121).  The  authors  present  a  general  review  of  the 
subject  of  welding  with  particular  reference  to  the  minerals  used  in 
the  fluxes  and  electrode  coatings. 

The  Nature  of  the  Welding  jfl^c.  A.  A .  Alov.  (Welding  Industry, 
1940,  vol.  8,  Sept.,  pp.  213-217).  The  author  studies  the  forces 
operative  within  the  arc  in  electric  welding  and  the  transfer  of  metal 
from  the  electrode  to  the  parent  metal. 

Advantages  of  Bronze  Rods  in  Oxy-Acetylene  Welding  of  Cast 
Iron.  (Welding  Engineer,  1940,  vol.  26,  Apr.,  pp.  24-26).  The 
technique  and  advantages  of  using  bronze  rods  for  the  oxy-acetylene 
welding  of  cast  iron  are  described. 

Oxyacetylene  Welding  of  Carbon-Molybdenum  Steel  Piping  lor 
High-Pressure,  High-Temperatore  Service.  Part  I.  Laboratory 
Development.  R.  M.  Rooke  and  F.  C.  Saacke.  (International 
Acetylene  Association  :  Welding  Journal,  1940,  vol.  19,  Aug., 
pp.  663-662).  The  authors  describe  and  discuss  the  welding 
and  heat-treatment  procedure  for  satisfactory  welding  and  stress- 
relieving  by  the  oxy-acetylene  process  in  the  making  of  joints  in 
molybdenum  steel  tubes  for  service  at  high  temperatures  and 
pressures.  The  American  Standards  Association  Ckxie  and  the 
American  Society   of  Mechanical   Engineers   Boiler  Construction 
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Code  for  welded  joints  in  pipe  lines  and  pressure  vessels  are  also 
considered. 

Oxyacetylene  Welding  of  Carbon-Molybdenum  Steel  Pipe.  Part  n. 
Field  Testbig  and  Application.  A.  N.  Kugler.  (International 
Acetylene  Association :  Welding  Journal,  1940,  vol.  19,  Aug., 
pp.  662-667).  The  author  discusses  some  results  obtained  in  field 
tests  on  oxy-acetylene- welded  joints  in  high-pressure  steel  tubes 
and  presents  a  suggested  specification  entitled  '*  Process  Specifica- 
tion for  Oxy-Acetylene  Fusion  Welding  of  Carbon-Molybdenum 
Steel  Pressure  Pipe  Lines." 

Brazing  with  Salt  Bath  Fomaces.  A.  E.  Ballis.  (Industrial 
Heating,  1940,  vol.  7,  June,  pp.  496-498).  The  author  describes 
the  use  for  brazing  of  an  electrically-heated  salt-bath  furnace, 
which  has  been  developed  during  the  last  ten  years,  and  which 
is  also  suitable  for  heat-treating  operations,  e.g.,  annealing,  nor- 
malising, hardening  and  case-hardening.  The  composition  of  the 
salt  bath  is  so  selected  that  it  is  also  effective  as  a  fiux.  Further 
advantages  of  the  salt-bath  method  of  brazing,  enumerated  by  the 
author,  are  :  (1)  The  equipment  is  simple  and  inexpensive ;  (2) 
the  furnace  works  at  a  constant  temperature  and  need  not  be 
reheated  after  each  load ;  (3)  the  light  racks  used  to  hold  the  work 
absorb  little  heat ;  (4)  chromium  is  not  oxidised,  so  that  chromium 
alloys  can  be  brazed  ;  (6)  the  treated  parts  can  be  quenched  quickly 
or  cooled  slowly,  as  required,  while  the  protective  coating  of  the 
salt  prevents  oxidation  or  scaling. 

Welding  Metallurgy.  Part  IX.  Bate  of  Cooling.  O.  H.  Henry 
and  G.  E.  Claussen.  (Welding  Journal,  1940,  vol.  19,  Aug.,  pp. 
671-676).  Continuation  of  a  series  of  articles  (see  Joum.  I.  and  S.I., 
1940,  No.  II.,  p.  221  a).  The  authors  apply  the  iron-carbon 
diagram  to  a  consideration  of  how  the  rate  of  coohng  of  a  welded 
joint  affects  its  physical  properties. 

Some  Notes  on  Weldability.  E.  T>.  Lacy.  (Metal  Treatment, 
1940,  vol.  6,  Autumn  Issue,  pp.  128-130).  The  author  describes 
the  research  programme  of  the  Institute  of  Welding  now  in  hand 
on  the  weldability  of  mild  steel,  high-tensile  structural  steel,  steel 
for  pressure  vessels,  alloy  steels,  stainless  steels  and  cast  iron. 

Factors  Affecting  Residual  Stresses  in  Welds.  C.  T.  Gayley 
and  J.  G.  WiUis.  (Welding  Journal,  1940,  vol.  19,  Aug.,  pp.  303-S- 
306-S).  The  authors  give  an  account  of  an  investigation  in 
which  the  influence  of  a  number  of  factors  on  the  degree  of  distortion 
produced  in  electrically  welded  steel  plates  was  studied.  The  factors 
in  question  were  :  (1)  The  design  of  the  joint ;  (2)  the  number  of 
layers  per  inch  thickness  of  weld  metal ;  (3)  the  rate  of  weaving 
during  the  deposition  of  the  weld  metal ;  (4)  the  flow  of  heat  between 
successive  layers  of  deposited  metal ;  (6)  the  arc  energy ;  (6)  the 
diameter  of  the  electrode  ;  and  (7)  the  amoimt  of  penetration  into 
the  parent  metal.  The  data  obtained  are  given  in  tables.  The 
general  conclusions  from  the  results  obtained  are :    (a)  The  fewer 
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the  beads  making  up  the  weld,  the  less  will  be  the  distortion ;  (6) 
the  steeper  the  temperature  gradient  during  cooling,  the  greater  will 
be  the  residual  stresses  and  the  distortion ;  (c)  in  making  V  butt 
joints  in  plates  up  to  f  in.  thick  each  plate  ed^e  should  be  bevelled 
at  an  angle  of  about  22° ;  (d)  welding  with  a  high  weaving  rate 
causes  less  distortion  than  a  low  weaving  rate ;  (e)  the  welded  joints 
with  the  greatest  penetration  also  exhibit  the  greatest  distortion ; 
and  (/)  the  interpass  temperature,  which  governs  the  flow  of  heat 
between  successive  beads,  and  the  rate  of  weaving  are  doeely 
related.  When  a  joint  is  welded  with  a  few  beads  the  temperature 
of  the  parent  metal  is  raised  to  a  higher  point  than  when  a  large 
number  of  beads  are  deposited,  because  the  beads  are  thinner  and 
require  less  time  for  deposition.  This  raising  of  the  temperatore 
with  a  few  heavy  beads  has  a  pronounced  preheating  effect  and 
reduces  the  distortion  very  considerably. 

Second  Progress  Report— Joint  Investigation  of  Continiioas 
Welded  Bails.  H.  F.  Moore,  H.  B.  Thomas  and  B.  E.  Cramer. 
(Welding  Journal,  1940,  vol.  19,  Aug.,  pp.  293-8-302-8).  This  is 
the  Second  Progress  Beport  on  an  investigation  of  welded  joints 
in  rails  commenced  in  1937  and  sponsored  by  the  Association  of 
American  Bailroads  and  the  Engineering  Experiment  Station  of 
the  University  of  Illinois.  (An  abstract  of  the  First  Progress 
Beport  appeared  in  Joum.  I.  and  8.I.,  1939,  No.  11.,  p.  3^  a). 
The  work  reported  in  the  first  report  has  been  continued.  Sixteen 
rolling-load  tests  have  been  completed,  and  further  bend  tests  and 
more  microscopical  studies  have  been  made.  Plans  have  been 
made  for  the  systematic  reporting  of  welded-rail  failures  in  service. 
The  following  papers  are  included  in  the  report : 

Tests  of  Welded  Joints  Under  Bepeated  Wheel  Load,  by  N.  J. 
Alleman  and  H.  F.  Moore. 

Metallographic  Tests,  by  B.  E.  Cramer  and  E.  C.  Bast. 
Mechanical  Tests  of  Specimens  from  Welded  Joints,  by  8.  W.  Lyon. 

Flame-Catting  Steel  for  Forging  or  Machining.  F.  Collins. 
(Machinery,  1940,  vol.  67,  Oct.  17,  p.  79).  The  author  points  out 
that  an  increasing  use  is  being  made  of  oxy-acetylene  flame-outting 
machines  as  a  substitute  for  sawing  in  the  preparation  of  bars  and 
billets  for  forging,  and  siu^eys  the  differences  between  flame- 
cutting  and  sawing.  An  advantage  of  the  former  process  is  that 
it  requires  only  half  as  much  time  as  the  latter,  and  the  loss  of 
metal  is  smaller.  The  author  then  briefly  considers  the  possibilities 
of  removing  metal  from  blanks  by  flame-cutting  in  order  to  reduce 
the  machining  time.  In  conclusion  he  deals  with  the  e£fect  of  flame- 
cutting  on  the  surface  hardness,  pointing  out  that  it  may  cause 
serious  brittleness  in  the  more  haxdenable  steels,  and  he  gives  a 
list  of  carbon  and  nickel  steels  which  can  be  flame-cut,  and  of 
certain  alloy  steels  which,  owing  to  the  formation  of  cracks  where 
the  flame  impinges,  are  unsuitable  for  flame-cutting. 
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Speed  and  Eoonomy  are  Features  of  the  Flame-Gouging  Process. 

(Welding  Engineer,  1940,  vol.  26,  Mar.,  pp.  29-32).  The  technique 
and  several  applications  of  the  flame-gouging  process  are  discussed, 
and  the  tools  and  nozzles  used  are  described  and  illustrated. 

Notes  on  the  Conditioning  of  Semi-Finished  Steel.  (Metal 
Progress,  1940,  vol.  38,  Aug.,  pp.  168-170).  Some  methods  oi 
conditioning  steel  blooms,  billets  and  slabs  are  described  and 
illustrated.  These  methods  include  the  application  of  water  at 
high  pressure,  scarfing  with  the  oxy-acetylene  flame,  mechanica] 
chippmg,  grinding,  and  sand-  and  shot-blasting. 

Antog^us  Deseaming  for  Removing  Surface  Defects  from 
Ingots  and  Billets.  J.  Aversten.  (Jemkontorets  Annaler,  1940, 
vol.  124,  No.  6,  pp.  212-224).  (In  Swedish).  A  description  ia 
given  of  the  theory  and  practice  of  deseaming  ingots  and  billets 
with  a  special  oxy-acetylene  torch.  This  process  has  been  in  use 
for  some  time  in  the  United  States,  and  has  recently  been  introduced 
at  a  number  of  steelworks  in  Sweden. 

Efficient  Trichlorethylene  Degreasing.  E.  E.  Halls.  (Metal 
Treatment,  1940,  vol.  6,  Autumn  Issue,  pp.  131-133).  The  authoi 
discusses  methods  of  promoting  the  efficiency  of  trichlorethylene 
degreasing  plants.  He  points  out  that  in  the  presence  of  light,  oi 
of  traces  of  moisture,  or  a  combination  of  the  two,  this  solvent 
decomposes  to  a  very  small  degree  with  the  formation  of  hydro- 
chloric acid ;  it  is  therefore  frequently  subjected  to  a  stabilising 
treatment  to  suppress  this  decomposition.  He  presents  a  table 
showing  the  extent  of  the  decomposition  of  trichlorethylene  under 
different  conditions  of  exposure,  and  graphs  demonstrating  how  its 
boiling  point  is  raised  by  increasing  contamination  with  oil  and 
wax.  He  recommends  that  the  following  criteria  be  fulfilled  for 
the  efficient  operation  of  a  degreasing  plant:  (1)  Only  the  best 
stabilised  solvent  should  be  used ;  (2)  the  design  of  the  plant 
should  have  regard  to  the  mode  of  heating,  the  recovery  of  the 
solvent,  the  escape  of  vapour  and  adequacy  of  cooling ;  (3)  the 
vapour  or  hquor  or  both  should  be  selected  according  to  the  class 
of  work ;  (4)  the  plant  should  be  operated  at  full  capacity  so  that 
the  inevitable  solvent  losses  are  associated  with  maximum  through- 
put ;  (6)  the  mode  of  packing  the  work  should  be  carefully  studied  ; 
and  (6)  in  deciding  the  location  of  a  plant,  attention  should  be  paid 
to  the  loss  of  solvent  which  can  be  caused  by  draughts  and  the 
need  for  protecting  the  operators  from  fumes. 

Heating  Open  Tanks  by  Submerged  Combustion.  W.  6.  See. 
(Industrial  Heating,  1940,  vol.  7,  July,  pp.  604-608).  The  author 
briefly  describes  a  submerged  combustion  system  developed  and 
patented  by  the  Submerged  Combustion  Co.  of  America,  Hammond, 
Indiana.    The  system  is  designed  for  the  heating  of  pickling  tanks 
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and  is  said  to  have  several  advantages  as  compared  with  heating 
by  open  steam  jets. 

Data  on  the  Use  of  Stannous  Chloride  as  a  Pickling  Inhibitor, 

T.  P.  Hoar  and  S.  Baier.  (Sheet  Metal  Industries,  1940,  vol.  M. 
Sept.,  pp.  947-948).  The  authors  present  the  results  of  a  series  of 
tests  with  pickling  baths  containing  as  a  pickling  solution  7%  (by 
weight)  of  sulphuric  acid  at  80°  C.  to  which  different  inhibitors  were 
added.  The  object  of  the  experiments  was  to  determine  :  (a)  The 
inhibitory  power  of  stannous  chloride  as  compared  with  other 
inhibitors ;  (6)  the  comparative  rate  of  deterioration  of  the  bath 
when  in  use  and  while  standing  idle ;  (c)  the  possibility  of  regenerat- 
ing the  spent  bath ;  (d)  the  possibility  of  using  materials  other 
than  flour  to  reduce  the  amount  of  hydrogen  taken  up  by  the  steel. 
The  data  obtained  with  fifteen  different  inhibitors  are  compared  in 
a  table.  It  was  found  that  the  most  satisfactory  bath  inhibited 
with  stannous  chloride  contained  0*05%  of  stannous  chloride 
(SnCl2.2H20),  0026%  of  gelatin  and  0-06%  of  cresolsulphonic  acid. 
The  gelatin  gave  a  cleaner  solution  and  better  inhibition  than  the 
flour  originally  proposed,  and  the  cresolsulphonic  acid  prevented 
oxidation. 

A  Critical  Discussion  of  the  Data  Provided  on  the  de  Lattie 

Processes.  (Sheet  Metal  Industries,  1940,  vol.  14,  Aug.,  pp.  821^ 
830).  In  this  article  some  criticisms  are  put  forward  with  regard 
to  the  claims  made  for  the  de  Lattre  process  of  pickling  described 
in  a  recent  paper  (see  Joum.  I.  and  S.I.,  1940,  No.  II.,  p.  189  A). 
In  the  description  of  the  de  Lattre  process  it  is  stated  that  no  appre- 
ciable quantity  of  hydrochloric  acid  is  added  dining  working  and 
that  it  is  the  sulphuric  acid  which  is  consumed ;  on  the  other  hand, 
reasons  are  given  in  the  present  arrticle  why  it  is  more  probable 
that  it  is  mainly  the  hydrochloric  acid  which  does  the  pickling,  and 
it  therefore  appears  that  the  process  is  nothing  more  than  the 
regeneration  of  hydrochloric  acid  by  means  of  sulphuric  acid  by 
the  reaction  of  the  latter  with  the  additional  ferrous  chloride 
formed.  It  is  also  disputed  that  the  large  savings  of  acid  consump- 
tion claimed  are  really  due  to  the  adoption  of  the  de  Lattre  process, 
for  it  is  more  likely  to  be  attributable  to  the  use  of  an  inhibitor 
where  none  was  previously  used.  In  conclusion  it  is  stated  that 
the  following  points  should  be  taken  into  accoimt  in  considering 
the  de  Lattre  process  as  an  alternative  to  straight  hydrochloric  acid 
pickling  :  (1 )  The  suitability  of  the  existing  materials  of  construction 
for  use  with  mixed  acids  at  sUghtly  higher  temperatiu^s ;  (2)  the 
present  cost  of  waste  disposal  compared  with  the  capital  and 
operating  cost  of  a  recovery  plant ;  (3)  the  possibility  of  obtaining 
a  regular  market  for  copperas  (FeS04.7H20)  slightly  contaminated 
by  chloride  ;  and  (4)  the  greater  chemical  control  necessary  to  main- 
tain the  correct  proportion  of  the  two  acids. 

The  Electrolytic  Polishing  of  Stainless  Steels.    H.  H.  Uhlig. 
(Electrochemical  Society,  Oct.,  1940,  Preprint  No.  25).    The  author 
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developed  the  use  of  glycerine /phosphoric-acid  mixtures  for  the 
electrolytic  polishing  of  18/8  stainless  steel.  He  determined  the 
optimum  conditions  to  produce  polish  with  the  aid  of  a  photo- 
electric spectrophotometer  and  found  that  the  best  polish  was 
obtained  with  an  electrolyte  consisting  of  approximately  42%  of 
phosphoric  acid,  47%  of  glycerine  and  11%  of  water,  used  at  100°  C. 
or  higher  with  an  anodic  c.d.  of  at  least  0-1  amp.  per  sq.  in.  Some 
other  organic  additions  to  phosphoric  acid  also  proved  useful. 
These  had,  in  general,  high  boiling  points,  contained  one  or  more 
hydroxyl  groups  and  were  soluble  in  phosphoric  acid.  These 
organic-solution/phosphoric-acid  electrolytes  could  also  be  used 
to  polish  mild  steel,  chromium  steel  and  18/8  steel  containing 
molybdenum.  The  author  assumes  that  the  organic  additions  to 
phosphoric  acid  aflFect  the  electrolytic-polishing  process  by  two 
independent  mechanisms,  the  first  being  a  change  in  the  conductivity 
of  the  electrolyte  and  the  anodic  phosphate  film  which  produces  a 
high  polish,  and  the  second  being  a  considerable  retardation  of 
localised  pickling  of  the  anode  by  acid. 

Electrolytic  Cleaning,  Pickling  and  Polishing  of  Wire  and  Wire 
Products.  C.  L.  Mantell.  (Wire  and  Wire  Products,  1940,  vol.  16, 
Aug.,  pp.  413-416).  The  author  describes  the  general  principles  of 
electrolytic  cleaning  as  applied  to  wire  and  reviews  some  recent 
American  patents  relating  to  this  process. 
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Control  of  Spangles.  W.  G.  Imhoff.  (Steel,  1940,  vol.  107, 
Sept.  23,  pp.  64-66).  The  author  discusses  the  factors  controlling 
the  formation  of  spangle  in  the  galvanising  of  steel  sheets.  The 
principal  factors  are  the  period  of  immersion  and  the  temperature 
of  the  bath.  Galvanising  at  low  temperature  produces  a  soft  and 
ductile  coating,  whilst  high-temperature  coatings  are  hard  and  brittle, 
and  the  spangles  become  smaller  as  the  temperature  of  the  bath 
increases  until  at  946°  F.  with  30  sec.  immersion  there  is  no  spangle 
at  all,  because  the  coating  is  "  burned  ". 

Improvements  in  Galvanizing  Plants  and  Practice.  N.  E.  Cook. 
(Iron  and  Steel  Engineer,  1940,  vol.  17,  July,  pp.  28-36).  The 
author  gives  an  account  of  the  improvements  in  the  technique  of 
galvanising  which  have  taken  place  in  the  last  ten  years  as  a  result 
of  applying  scientific  methods  of  research  and  control. 

Hign-liodaction  Cleaning,  Pickling  and  Plating  Line.  (Steel, 
1940,  vol.  107,  Sept.  23,  pp.  60-62,  84).  A  description  is  given  of 
the  plant  at  an  American  works  for  the  cleaning,  pickling  and 
galvanising  of  4000  lb.  of  small  parts  per  hr.  The  plant  is  operated 
by  only  seven  men,  and  a  high  degree  of  mechanisation  contributes 
materially  to  the  maintenance  of  this  high  output. 
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Addition  Agents  in  the  Eiectrodeposition  of  Zinc.    J.  L.  Bray 

and  F.  R.  Morral.  (Electrochemical  Society,  Oct.,  1940,  Preprint 
No.  15).  The  authors  studied  the  eiectrodeposition  of  zino  on 
patented  steel  wire  in  the  presence  of  various  amines.  They  found 
that  amines  with  a  low  number  of  carbon  alkyl  radicals  had  a  favour- 
able influence  on  the  brightness  and  ductiUty  of  the  electrodeposits. 
Very  small  amounts  of  these  amines  proved  to  be  effective,  wd  the 
required  concentration  was  dependent  on  the  amine  nitrogenpresent. 

X-Ray  Analysis  of  Hoi-Oalvanized  Heat-Treated  Coiutings. 
F.  R.  Morral  and  £.  P.  Miller.  (American  Institute  of  Mining 
and  Metallurgical  Engineers,  Technical  Paper  No.  1224 :  Metals 
Technology,  1940,  vol.  7,  Sept.).  The  authors  report  on  an  in- 
vestigation by  X-ray  diffraction  analysis  to  determine  the  phaaes 
present  in  hot-dipped,  heat-treated  zinc  coatings  on  steel  sheets  and 
wire.  The  results  showed  that  the  zinc-iron  alloys  present  consisted 
mainly  of  the  ^-phase  (FeZnjj),  which  corresponds  to  that  found  by 
Schueler  in  1925.  Small  amounts  of  FesZn^i  and  8^  phase  were  also 
present  in  the  coating. 

Surface  Cladding.  6.  E.  Gude,  jun.  (Steel,  1940,  vol.  107,  Aug. 
26,  pp.  44r^6).  The  author  describes  a  technique  which  has  been 
developed  for  welding  panels  of  stainless  steel  on  to  carbon-steel 
plate  for  the  fabrication  of  corrosion-resistant  vessels.  The  stainless- 
steel  sheet  generally  used  for  this  purpose  is  12-16  gauge,  and  it  has 
been  found  economical  to  cut  it  into  panels  about  3  ft.  long  and 
4-6  in.  wide.  These  panels  are  placed  in  position  on  the  carbon- 
steel  plate  with  sufficient  sp€ice  between  them  for  a  welder  to  deposit 
one  bead  from  a  high-alloy  welding  electrode  in  such  a  way  that  it 
joins  two  adjacent  panels  together  and  simultaneously  welds  both 
edges  to  the  carbon-steel  plate.  A  stress-reUeving  treatment  is 
necessary  after  lining  a  vessel  in  this  way. 

Bedueing  the  Ciost  of  Hetal  Spraying.  E.  T.  Parkinson.  (Steel, 
1940,  vol.  107,  Sept.  9,  pp.  46-49).  The  author  gives  some  par- 
ticulars of  the  improved  performance  of  some  of  the  latest  metal- 
spraying  pistols  which  use  oxygen  in  conjunction  with  acetylene, 
propane  or  natural  gas.  With  this  equipment  the  following  quanti- 
ties of  metals  can  be  deposited  per  hour  :  (1)  8-10  lb.  of  steel ;  (2) 
7-9  lb.  of  aluminium  ;  (3)  15-20  lb.  of  bronze ;  and  (4)  30-35  lb. 
of  zinc. 

Phosphatising  Aids  Rapid  Finishing.  E.  Armstrong.  (Metid 
Treatment,  1940,  vol.  6,  Autumn  Issue,  pp.  105-110,  118).  The 
author  describes  in  detail  the  process  and  equipment  used  for  phos- 
phatising steel  sheets  as  a  treatment  preparatory  to  enamelling. 
The  results  of  numerous  salt-spray  exposure  tests  are  presented  in 
tables,  from  which  a  comparison  of  the  corrosion-resisting  properties 
of  phosphatised  and  non-phosphatised  enamelled  steel  specimens 
can  be  made. 

Determination  of  Thickness  of  Add-Resistant  Portion  of  Vitreoos 
Enamel  Coatings.    W.  N.  Harrison  and  L.  Shartsis.    (Joomal  of 
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Research  of  the  National  Bureau  of  Standards,  1940,  vol.  25,  July, 
pp.  71-74).  A  method  of  preparing  and  testing  an  obUque  section 
of  enamelled  iron  is  described,  the  object  of  which  is  to  enable  the 
thickness  of  the  outer  acid-resistant  coating  to  be  determined. 

Recent  Developments  in  the  Application  of  Asphalt-Mastic 
(Joating  to  Both  New  and  Operating  Pipe  Lines.  W.  W.  Colley. 
(Proceedings  of  the  Natural  Gas  Section  of  the  American  Gas  Asso- 
ciation, 1940,  pp.  81-84).  The  author  describes  the  latest  technique 
for  the  preparation  and  appHcation  of  asphalt-mastic  composition 
for  the  protection  of  gas  mains. 

Protective  Coating  for  Steel  Water  Lines.  D.  Bronson.  (Journal 
of  the  American  Water  Works  Association,  1940,  vol.  32,  Aug.,  pp. 
1385-1393).  The  author  describes  several  recognised  methods  of 
protecting  the  inner  and  outer  surfaces  of  steel  water-mains  in 
accordance  with  American  practice.  Experience  indicates  that  the 
most  efficient  form  of  protection  for  both  the  inside  and  outside  of 
steel  pipes  is  aflForded  by  coal-tar  enamel.  For  the  inside  a  priming 
coat  of  Hquid  coal-tar  is  applied  cold,  after  which  the  coal-tar  enamel 
is  applied  hot  from  a  retractable  feed  line,  while  the  pipe  is  sptm  at 
a  fairly  high  speed.  For  the  outside,  after  the  coal-tar  enamel  has 
been  appUed  a  coal-tar-impregnated  asbestos-felt  wrapper  is  wound 
round  the  pipe. 

Protective  Cioatuigs  for  Aircraft.  (Canadian  Metals  and  Metal- 
lurgical Industries,  1940,  vol.  3,  July,  pp.  174-176).  Some  particulars 
are  given  of  the  numerous  paints,  varnishes  and  enamels  used  for  the 
protection  of  steel  and  non-ferrous  metal  parts  of  aircraft. 

Bust  Problems.  R.  W.  Baker.  (Steel,  1940,  vol.  107,  July  1, 
pp.  62-64).  After  briefly  reviewing  methods  of  combating  the 
rusting  of  steel,  the  author  describes  the  properties  of  a  clear  blend 
of  natural  oils  which  has  many  advantages  as  a  priming  coat.  This 
oil  can  be  applied  to  steel  which  has  already  rusted  ;  it  has  a  penetrat- 
ing action  and  it  gets  into  the  spaces  between  the  steel  and  the  rust 
particles ;  it  also  hardens  into  an  elastic  film,  the  hardening  com- 
mencing at  the  bottom  so  that  moisture  and  air  are  gradually 
forced  out  of  it.  When  the  top  surface  has  become  a  dry  film  a 
surface  coat  of  paint  can  be  appHed.  No  indication  of  the  cost  of 
the  oil  is  given,  but  it  is  claimed  to  be  extensively  used  for  main- 
tenance work  in  the  field,  especially  for  surfaces  which  cannot 
easily  be  cleaned  before  painting. 
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Modulus  of  Elasticity  of  Alloys.  (Metallurgist,  1940,  vol.  12, 
Oct.,  pp.  129-131).  This  is  an  abridged  translation  of  a  paper  pub- 
lished by  L.  Guillet,  jun.,  in  Revue  de  Metallurgie,  Memoires,  1939, 
vol.  36,  pp.  497-521.    (See  Journ.  I.  and  S.I.,  1940,  No.  I.,  p.  296  a.) 
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800-Ton  Hydraulic  Testing  Machine.  (Engineering,  1940,  vol. 
150,  Sept.  13,  pp.  201-202).  A  description,  with  several  photographs 
and  diagrams,  of  an  800-ton  hydraulic  testing  machine  by  A.  J. 
Amsler  and  Co.  is  presented.  The  machine  is  intended  mainly  for 
the  testing  of  special  pit-cage  wire  ropes  for  deep  coal  mines.  The 
machine  has  an  overall  length  of  103  ft.  and  the  movable  head, 
which  has  a  stroke  of  6  ft.  6  in.,  is  operated  by  two  identical  cylinders 
supplied  with  oil  jfrom  a  pump  driven  by  an  11 -h. p.  electric  motor. 

Chevenard's  Micromachineforthe  Determinationof  the  MechaniAd 
Properties  ot  Metals.  P.  Sederholm.  ( Jemkontorets  Annaler,  1940, 
vol.  124,  No.  7,  pp.  313-316).  A  detailed  description  \b  given  of  a 
Chevenard  testing  machine  purchased  by  Jemkontoret  for  their 
laboratories  in  1939.  The  machine  is  intended  for  making  tensile, 
bend  and  shear  tests  on  very  small  specimens.  The  specimens  for 
tensile  tests  are  15  mm.  long  and  3  mm.  in  dia.  Some  particulars 
of  a  similar  machine  have  been  given  previously  (see  Joum.  I  and 
S.I.,  1936,  No.  I.,  p.  457). 

The  Tensile  Testing  Laboratory  of  the  Royal  Technical  College 
[Knngl.  Tekniska  HSgskola]  and  Some  of  the  Work  Carried  Oat  There. 
F.  Odqvist.  (Teknisk  Tidskrift,  1940,  vol.  70,  Aug.  17,  Mekanik, 
pp.  81-91).  (In  Swedish) .  The  author  describes  many  of  the  tensile- 
and  fatigue-testing  machines  and  some  of  the  research  work  that  has 
been  done  with  them  at  the  Royal  Technical  College,  Stockholm. 
The  machine  of  particular  interest  is  an  Amsler  hydraulic  pulsating 
testing  machine  of  recent  design  capable  of  applying  stresses  in  the 
ranges  0-30  tons  and  —  15  to  +15  tons  per  sq.  in ;  the  mechanism 
of  this  machine  is  described  in  detail  with  diagrams.  Improved 
apparatus  for  long-time  creep  tests  and  some  investigations  in 
progress  are  also  described.  Details  are  also  given  of  a  new  type  of 
fatigue  test  on  ring-shaped  test-pieces  vibrated  at  their  natural 
frequency.  Finally,  some  fatigue  tests  on  crane  hooks  and  models  of 
crankshafts  are  reported  and  comparisons  are  made  with  the  results 
of  rotating  bend  tests  on  the  same  materials. 

A  Simple  Method  of  Finding  Poisson's  Ratio.  Mary  D.  Waller. 
(Proceedings  of  the  Physical  Society,  1940,  vol.  52,  Sept.  1,  pp.  710- 
713).  The  authoress  describes  a  method  of  measuring  Poisson's 
ratio  in  terms  of  the  ratio  of  two  specified  natural  frequencies  of 
a  freely  vibrating  square  plate,  and  gives  results  for  steel,  brass, 
copper,  aluminium  and  glass.  In  conclusion  she  suggests  that  her 
method  of  estimating  Poisson's  ratio  might  be  of  value  in  the 
mechanical  testing  of  metals  and  alloys. 

The  Interrelation  Between  Stress  and  Strain  in  the  Tensile  Test. 

E.  J.  Janitzky  and  M.  Baeyertz.  (Transactions  of  the  American 
Society  for  Metals,  1940,  vol.  28,  Sept.,  pp.  714-723).  Three 
empirical  equations  which  express  the  relation  between  stress  and 
strain  in  the  tensile  test,  as  determined  on  round  specimens  with  a 
gauge  length  of  2  in.  and  a  diameter  of  0*505  in.,  are  presented. 
The  vahdity  of  these  equations  is  demonstrated  by  means  of  experi- 
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mental  data  obtained  on  steels  of  very  different  chemical  compositions 
and  after  various  forms  of  heat  treatment,  such  as  annealing,  normal- 
ising, and  quenching  followed  by  tempering. 

Laboratory  Texudle  Tests  Shed  Light  on  Fish-Eye  Fractures  in 

Weld  MetaL  Mildred  Ferguson.  (Welding  Engineer,  1940,  vol.  25, 
Apr.,  pp.  22-23).  The  authoress  describes  a  certain  type  of  frac- 
ture in  tensile  test  specimens  of  weld  metal.  These  fractures  are 
distinguished  by  shallow  circular  cavities  with  a  deep  pinhole  in 
the  centre,  and  they  are  therefore  sometimes  called  "fish-eye 
fractures."  A  microscopical  examination  of  sections  has  revealed 
successive  stages  of  the  development  of  this  type  of  fracture,  and 
has  shown  that  it  is  centered  on  an  inclusion  and  that  the  metal 
first  separates  from  the  inclusion  in  the  direction  of  stress  and  this 
separation  becomes  large  before  the  transverse  rupture  forming 
the  shallow  cavity  occurs. 

Stress-Strain  Analysis  bom  Crack  Formations  in  Brittle  Lacquer 
Cioatings.  (Machmist,  1940,  vol.  84,  Sept.  21,  pp.  322  E-323  E  ; 
Sept.  28,  pp.  328  E-330  E).  The  use  of  brittle  lacquers  as  developed 
by  the  Massachusetts  Institute  of  Technology  for  the  detection  of 
stress  concentrations  in  steel  parts  and  assemblies  is  described  and 
illustrated.  It  has  been  found  necessary  to  prepare  a  graduated 
series  of  eleven  lacquers,  one  of  which  is  selected  according  to  the 
humidity  and  temperature  of  the  atmosphere.  The  interpretation 
of  the  cracks  appearing  in  the  lacquer  is  explained,  and  it  is  pointed 
out  that  the  cracks  which  form  in  the  brittle  lacquer  during  a  static 
test  appear  at  those  points  where  fatigue  cracks  are  most  likely  to 
form  in  the  structure  imder  the  dynamic  loading  of  actual  operation. 

Hydrogen,  Flakes  and  Shatter  Cracks.    C.  A.  Zapffe  and  C.  E. 

Sims.  (Metals  and  Alloys,  1940,  vol.  11,  May,  pp.  145-148  ;  June, 
pp.  177-184 ;  vol.  12,  July,  pp.  44-61 ;  Aug.,  pp.  145-148).  The 
authors  survey  the  literature  on  the  relation  of  faults,  in  particular 
flakes  and  shatter  cracks,  to  the  presence  of  hydrogen  in  steel.  In 
the  first  part  they  deal  with  the  solubility  of  hydrogen  and  methods 
of  calculating  the  hydrogen  pressure  in  steel,  and  the  diffusion  and 
occlusion  of  hydrogen  in  steel.  In  the  second  part  they  discuss 
theories  concerning  the  mechanism  whereby  hydrogen  may  be 
retained  in  steel  at  ordinary  temperatures.  In  the  third  part  the 
influence  of  the  presence  of  hydrogen  on  the  formation  of  flakes  and 
shatter  cracks  is  dealt  with.  In  the  concluding  part  details  are 
given  of  the  furnace  technique  required  to  prevent  the  formation 
of  flakes  in  steel.  A  bibliography  of  239  references  arranged  in 
chronological  order  from  1863  to  1939  is  presented. 

The  Relationship  Between  the  Mechanical  l^perties  of  Materials 
and  the  Liabihty  for  Failure  in  Service.  L.  W.  Schuster.  (Trans- 
actions of  the  Liverpool  Engineering  Society,  1939-40,  vol.  61, 
pp.  36-68).  The  author  explains  the  use  of  various  forms  of 
mechanical  tests  applied  to  steel  and  the  value  of  data  on  tensile 
strength,  yield  point,  limit  of  proportionality,  reduction  of  area, 
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resistance  to  bending  and  impact,  fatigue  strength  and  impact 
strength.  From  his  observations  he  draws  the  conclusion  that, 
when  service  breakages  under  dynamic  loading  are  the  result  of  some 
inferior  mechanical  property,  the  inferiority  must  be  sought  in  some 
property  not  usually  measured  by  any  of  the  tests  previously 
mentioned.'  In  conclusion  he  points  out  the  importance  of  the 
properties  at  the  exposed  surfaces  of  parts  and  that,  in  testing,  the 
direction  of  loading  in  relation  to  the  grain  of  the  material  should 
correspond  with  that  in  service. 

Fatigue  Failure.  G.  Sachs.  (Iron  Age,  1940,  vol.  146,  Sept.  5, 
pp.  31-34 ;  Sept.  12,  pp.  36-40).  The  author  surveys  the  literature 
on  the  e£fect  of  stress  raisers  on  the  fatigue  strength  of  metals  and 
alloys.  He  distinguishes  between  three  types  of  stress  raisers,  viz.y 
machined  notches,  corrosion  and  chafing  or  fretting,  and  presents 
numerous  curves  which  show  how  the  fatigue  strength  of  specimens 
is  reduced  by  these  factors.  A  bibUography  with  forty  references 
is  appended. 

Fatigue  Strength  of  Drilled  and  Notched  Steel  Test-Fieees  under 
Alternating  Tensile  and  Compression,  Bending  and  Torsional  Stress. 

(Metallurgia,  1940,  vol.  22,  Sept.,  pp.  139-140).  A  review  is  pre- 
sented of  the  conclusions  reached  by  Korber  and  Hempel  as  a  result 
of  their  fatigue,  tensile,  compression,  bend  and  torsion  tests  on 
plain,  drilled  and  notched  specimens  of  eight  unalloyed  and  six 
chromium-nickel  steels.  A  full  report  of  this  investigation  was 
published  in  Mitteilungen  aus  dem  Kaiser- Wilhelm-Institut  fur 
Eisenforschimg,  1939,  vol.  21,  No.  1,  pp.  1-19.  (See.  Joum.  I.  and 
S.I.,  1939,  No.  II.,  p.  33  A). 

The  Influence  of  Magnetic  Fields  on  Damping  Capacity.  E.  B. 
Parker.  (Transactions  of  the  American  Society  for  Metals,  1940, 
vol.  28,  Sept.,  pp.  661-667).  The  author  reports  on  an  investigation 
of  the  damping  capacity  of  a  0*40%  carbon  steel  and  a  steel  con- 
taining 6%  of  chromium  and  0-6%  of  molybdenum  in  constant  and 
alternating  magnetic  fields.  A  Foppl-Pertz  machine  was  used  for 
determining  the  damping  capacity,  which  in  this  case  was  measured 
in  terms  of  the  heat  dissipated  by  a  unit  volume  of  metal  during  a 
completely  reversed  cycle  of  stress.  The  loss  of  energy  &om  a 
specimen  in  a  constant  magnetic  field  was  found  to  be  less  than  half 
that  with  a  zero  field,  whilst  an  alternating  field  reduced  the  energy 
loss  even  further.  The  endurance  of  fatigue  specimens  was  found 
to  be  reduced  by  the  presence  of  a  constant  magnetic  field. 

Steel  Hardenability  as  Belated  to  Physical  Properties.  6.  T. 
WilUams.  (Steel,  1940,  vol.  107,  Aug.  19,  pp.  49-54,  80).  The 
author  discusses  the  relation  between  the  haxdenability  of  steel  and 
its  ductility  in  a  tensile  test.  He  carried  out  a  number  of  "  end- 
quench  "  tests  with  low-alloy  steels  containing  chromium  and  molyb- 
denum, and  others  containing  vanadium,  the  carbon  being  in  the 
range  0-40-0-60%.  The  principal  object  was  to  determine  the  effect 
of  the  heat-treatment  temperature  and  time  on  the  resulting  hard- 
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11668  and  ph3r8ical  properties.  The  end-quench  test  is  made  by 
quenching  the  end  instead  of  the  whole  of  the  specimen  and  making 
hardness  determinations  at  increasing  distances  from  the  end.  The 
author  had  presumed  that  if  one  steel  had  higher  hardenability 
than  another  it  would  also  have  better  structural  uniformity  and 
mechanical  properties,  but  the  data  he  obtained  showed  that  whilst 
the  hardenability  was  increased  by  heat-treating  at  1700°  F.  instead 
of  1500°  F.,  the  mechanical  properties  deteriorated  slightly,  and 
that  there  was  no  direct  relationship  between  the  hardenability  as 
demonstrated  by  the  end-quench  test  and  the  ductility. 

Hagnetic  Pemieability  of  Some  Austmitic  Lron-Chrominm- 
Hickel  AUoys  as  Influenced  by  Heat  Treatment  and  Cold  Work. 
J.  B.  Austin  and  D.  S.  Miller.  (Transactions  of  the  American 
Society  for  Metals,  1940,  vol.  28,  Sept.,  pp.  743-766).  The  authors 
report  on  their  investigation  of  the  effect  of  different  forms  of  heat 
treatment  and  cold-work  on  the  magnetic  permeability  of  18/8, 
18/12  and  25/12  chromium-nickel  steels.  The  apparatus  used  is 
described  in  detail.  They  arrived  at  the  following  general  con- 
clusions :  (1)  The  austenitic  iron-chromium-nickel  alloys,  if  free 
from  ferrite,  all  have  practically  the  same  permeability,  which,  in 
the  experiments  described,  was  1*003  under  a  magnetising  force  of 
436  oersted;  (2)  the  18/8  and  18/12  groups  become  magnetic  if 
sufficiently  cold- worked,  but  the  effect  is  very  much  greater  in  the 
former,  whereas  the  permeability  of  the  25/12  group  is  practically 
unaffected  by  cold-work.  In  general,  the  higher  the  carbon  and 
the  higher  the  nickel /chromium  ratio,  the  smaller  is  the  effect  of 
cold- work  on  permeability ;  (3)  in  none  of  the  alloys  was  the  increase 
in  permeability  directly  proportional  to  the  amount  of  cold-work ; 
in  fact,  there  appeared  to  be  no  simple  relation  between  these  quan- 
tities ;  (4)  carefril  welding  does  not  appreciably  alter  the  permea- 
bility of  these  alloys ;  and  (6)  if  it  is  essential  to  have  a  very  low 
permeability  then  the  nickel /chromium  ratio  should  be  as  high  as 
the  other  requirements  of  the  alloy  will  permit. 

Electric  Furnace  Cast  Irons  Containing  Copper.  T.  E.  Barlow. 
(Metals  and  AUoys,  1940,  vol.  12,  July,  pp.  36-39 ;  Aug.,  pp.  168- 
165).  The  author's  paper  is  based  upon  unpublished  progress 
reports  by  C.  H.  Lorig  and  E.  C.  Kron  of  the  Batelle  Memorial 
Institute,  who  studied  the  effects  of  copper,  in  amoimts  up  to  3%, 
on  four  series  of  cast  irons,  Hz, :  (1)  High -carbon  cast  irons  with 
3-30-3-44%  of  carbon  and  0-63-2-50%  of  silicon;  (2)  medium- 
carbon  cast  iron  with  307-3-20%  of  carbon  and  0-68-2-61%  of 
silicon ;  (3)  low-carbon  cast  irons  with  2-80-2-90%  of  carbon  and 
l-09^2-52%  of  silicon ;  and  (4)  aUoy  cast  irons  with  3-12-3-23% 
of  carbon,  1-48-1 -74%  of  silicon  and  various  combinations  of  nickel, 
chromium,  molybdenum  and  vanadium.  The  irons  had  been  pro- 
duced in  an  indirect-arc  electric  furnace,  under  carefully  controlled 
conditions,  and  test  bars  of  four  different  sections,  0-875,  1-2,  2-0 
and  4*0  in.  in  dia.,  were  prepared.    Numerous  tables  and  diagrams 
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are  reproduced  which  show  the  eflFect  of  the  copper  content  of  the 
bars  on  their  tensile  strength,  transverse  strength,  transverse  deflec- 
tion, Brinell  hardness,  modulus  of  rupture,  resilience  and  impact 
value.  The  results  indicate  the  value  of  copper,  either  alone  or  in 
simple  combination  with  other  alloying  elements,  as  an  addition 
to  cast  iron.  In  general,  the  presence  of  1-2%  of  copper  resulted 
in  an  increase  in  the  tensile  strength,  the  transverse  strength  and 
the  Brinell  hardness ;  and  the  tendency  of  copper  to  lower  the 
values  for  transverse  deflection  was  only  pronounced  in  the  low- 
carbon  specimens.  In  conclusion  some  experiments  on  the  e£Feot  of 
copper  on  the  chilling  properties  of  cast  iron  are  reviewed.  These 
indicated  that  copper  reduces  both  the  chill  and  the  shrinkage — a 
result  which  supports  the  contention  that  an  addition  of  copper 
exerts  a  beneficial  effect  on  the  density  pf  heavy  sections  of  cast  iron. 

Glass  Moulds  Present  Many  Problems.  R.  M.  Scafe.  (Foundry, 
1940,  vol.  68,  Aug.,  pp.  30-31,  103-106;  Sept.,  pp.  30-^7,  101- 
103).  The  author  discusses  the  special  properties  which  are  re- 
quired of  the  iron  used  for  making  moulds  in  which  glass  is  cast  and 
the  pecuUarities  of  a  number  of  alloy  cast  irons  which  are  used  for 
this  purpose. 

Castmgs  Must  Pass  Many  Tests.  M.  D.  Johnson.  (Foundry, 
1940,  vol.  68,  Aug.,  pp.  28-33,  108).  The  author  describes  the 
organisation  of  an  inspection  department  of  an  iron  foundry,  and 
discusses  the  utility  of  a  number  of  methods  of  testing  castings. 

Some  Low-Alloy  Steels.  W.  Ashcroft.  (Metallurgia,  19^,  vol. 
22,  Sept.,  pp.  161-163).  The  author  reviews  the  compositions, 
properties  and  uses  of  some  low-alloy  steels,  dealing  separately 
with  manganese,  chromium,  nickel,  molybdenum  and  nickel- 
chromium-molybdenum  steels. 

Titanium  and  Some  Properties  of  Cr-Mo  Steel  for  Airplane 
Tubing.  G.  F.  CJomstock.  (Metals  and  Alloys,  1940,  vol.  12,  July, 
pp.  21-26).  The  author  investigated  whether  small  additions  of 
titanium  to  S.A.E.  X4130  chromium-molybdenum  steel  would 
improve  its  ductility  and  weldabiUty  without  impairing  any  of  its 
other  properties.  He  also  investigated  the  effects  of  greater  addi- 
tions of  manganese  and  copper,  as  it  had  been  said  that  the  presence 
of  these  elements  counteracted  a  reduction  in  strength  caused  by 
titanium.  The  experiments  led  to  the  following  conclusions : 
(1)  In  forged  and  normalised  samples  welded  lengthwise,  machined 
flat  and  bent  cold  with  the  weld  outside,  the  presence  of  titanium 
improved  the  bending  properties,  also  when  additional  manganese 
and  0-31%  of  copper  were  present.  The  best  results  were  ob- 
tained with  steels  containing  (a)  0-16%  of  titanium  and  (6)  0-09% 
of  titanium  and  0-31%  of  copper.  (2)  The  presence  of  more  than 
0*1%  of  titanium  produced  a  softer  steel,  but  did  not  decrease  the 
degree  of  hardening  by  welding.  Steel  with  0-86%  of  manganese 
and  0*093%  of  titanium  was  harder  than  that  with  the  normal 
manganese  content,  but  there  was  no  greater  hardening  by  welding 
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than  with  ordinary  S.A.E.  Jl4130  steel.  Micrographs  showed  a 
narrower  hardened  and  coarse  zone  in  the  titanium  steels.  (3)  The 
improved  ductility,  impact  value  and  microstructure  produced  by 
titanium,  or  by  titanium  together  with  aluminium,  are  thus  reflected 
in  a  corresponding  improvement  in  the  results  of  bend  tests  on 
welds.  (4)  Steel  S.A.E.  Z4130  containing  009-0-10%  of  titanium 
and  0*85%  of  manganese  is  of  satisfactory  strength  in  the  normalised 
condition,  the  hardening  by  welding  is  not  excessive  and  the  duc- 
tility after  welding,  as  well  as  the  resistance  to  impact,  are  definitely 
improved  as  compared  with  steel  S.A.E.  X4130  without  titanium. 
Combined  Stress  Experiments  on  a  Niekel-Chiome-BIolybdeniim 

SteeL  J.  M.  Lessels  and  C.  W.  MacGregor.  (Journal  of  the  Franklin 
Institute,  1940,  vol.  230,  Aug.,  pp.  163-181).  The  authors  carried 
out  experiments  in  which  thm-walled  tubes  of  a  nickel-chromium- 
molybdenum  steel  were  subjected  to  combined  axial  tension  and 
internal  pressure.  The  axial  loading  was  applied  by  means  of  a 
30-ton  Baldwin-Southwark  hydrauhc  testing  machine,  and  the 
internal  pressure  was  supplied  by  means  of  an  Amsler  pendulum 
dynamometer  and  pump  of  17,000  lb.  per  sq.  in.  capacity.  Tan- 
gential strains  were  measured  by  two  hydraulic  lateral  extenso- 
meters,  one  of  which  was  designed  for  use  in  axial  tension  tests 
and  the  other  for  use  in  axial  compression  tests.  These  extenso- 
meters,  recently  developed  by  the  authors,  possessed  the  advantage 
of  measuring  accurately  the  average  of  the  tangential  strains  over 
a  considerable  length  of  the  tubes  instead  of  at  a  single  cross-section 
only.  Axial  strains  were  measured  with  a  Martens  extensometer. 
The  authors  report  also  on  some  torsion  tests  on  sohd  bars,  carried 
out  for  comparative  purposes.  In  conclusion  the  authors  point 
out  that  their  experimental  results  are  in  very  satisfactory  agree- 
ment with  the  theory  of  constant  energy  of  distortion,  developed 
independently  by  von  Mises,  Huber  and  Hencky. 

The  Properties  of  Cold-Reduced  Tinplate.  H.  A.  Stobbs.  (Tin 
and  Its  Uses,  1940,  Oct.,  pp.  2-4).  The  author  points  out  that 
cold -reduced  tinplate  has  the  following  advantages  as  compared 
with  the  product  obtained,  by  the  older  pack-rolling  method  : 
(1)  Improved  mechanical  properties ;  (2)  greater  uniformity  and 
the  fact  that  it  can  be  rolled  to  closer  dimensional  tolerances ; 
(3)  greater  corrosion  resistance ;  (4)  better  appearance ;  and 
(6)  greater  continuity  and  uniformity  of  the  tin  coating.  He 
describes  how  these  advantages,  in  spite  of  various  difficulties,  led 
to  the  rapid  development  of  this  method  of  manufacture. 

Metals  and  Alloys  in  an  Air-Conditioned  Automobile.  H.  Chase. 
(Metals  and  Alloys,  1940,  vol.  12,  Aug.,  pp.  141-144).  The  author 
discusses  the  metals  and  alloys  used  in  the  construction  of  an  air- 
conditioned  motor-car  developed  by  the  Packard  Motor  Car  Co. 
The  metals  used  consist  mainly  of  high-duty  cast  iron,  malleable 
iron,  hardened  alloy  steel,  annealed  copper,  brass  and  bronze. 
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Testing  Steel  With  the  Catting  Flame.  J.  B.  Cady.  (Trans- 
actions of  the  American  Society  for  Metals,  1940,  vol.  28,  Sept., 
pp.  646-659).  It  has  been  found  that  certain  characteristics  of 
steel,  such  as  its  carbon  content  and  hardenability,  a£Fect  the 
structure  of  the  surface  which  is  left  after  cutting  with  an  oxy- 
acetylene  torch.  In  the  present  work  the  author  describes  a  tech- 
nique of  flame-cutting  and  preparing  metallographic  specimens  by 
which  exaggerated  effects  are  produced  so  that  an  examination  of 
these  specimens  provides  a  means  of  determining  some  of  the 
properties  of  the  steel. 

X-Bay  and  Electron  DifEraction  Stodies.  F.  B.  Morral.  (Ameri- 
can Zinc  Institute,  1940,  Apr.,  Preprint).  The  author  gives  an 
elementary  account  of  the  properties  of  X-rays  and  electron  beams, 
and  refers  briefly  to  their  use  in  metallographic  research. 

Analyzing  Chxomiiim  Plate  by  X-Bay  Diffraction.  J.  T.  Wilson. 
(Steel,  1940,  vol.  107,  Aug.  26,  pp.  38-42,  66-69).  The  author 
describes  the  apparatus  and  technique  employed  for  studying 
differences  in  the  quality  of  chromium-plating  produced  under 
different  plating  conditions.  A  study  was  made  of  the  effect  of 
increasing  the  concentration  of  trivalent  chromium  in  the  bath ; 
the  X-ray  difiBraction  patterns  obtained  from  specimens  plated 
at  varying  concentrations  seemed  similar  and  showed  that  a  high 
concentration  of  trivalent  chromium  had  little,  if  any,  effect  on  the 
nature  of  the  coating  produced,  provided  that  the  ciurent  densities 
were  maintained  at  the  same  value  and  the  temperatures  were 
accurately  controlled.  The  author  is  of  the  opinion  that  the 
presence  of  trivalent  chromium  increases  the  bath  resistance  and 
that  changes  in  the  throwing  power  of  the  bath  occur  as  the  per- 
centage of  trivalent  chromium  increases. 

Non-Parallelism  of  Lattice  Planes  in  Tin  Coatings  on  SteeL  B. 
Chalmers.  (Nature,  1940,  vol.  146,  Oct.  12,  p.  493).  By  X-ray 
and  optical  examination  of  the  crystals  of  the  tin  layer  on  tinplate 
the  author  found  that  a  continuous  change  of  orientation  takes 
place  along  such  crystals  in  their  direction  of  growth.  The  explana- 
tion he  proposes  for  this  phenomenon  is  that  the  conditions  of 
formation  of  the  layer  cause  a  greater  concentration  of  iron  in  the 
tin  near  the  tin-iron  interface  than  at  the  free  surface,  and  that  this 
causes  a  gradual  contraction  of  the  lattice  as  the  interface  is 
approached. 

Analysis  of  the  Cold-BoUing  Textnre  of  Iron.  C.  S.  Barrett  and 
L.  H.  Levenson.  (American  Institute  of  Mining  and  Metallurgical 
Engineers,  Technical  Publication  No.  1233  :  Metals  Technology, 
1940,  vol.  7,  Sept.).  The  authors  describe  an  investigation  of  the 
behaviour  of  large  single  crystals  of  iron  when  subjected  to  cold- 
rolling,  the  particular  object  being  to  determine  the  end  orientation. 
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The  initial  diameter  of  the  crystals  was  between  0-25  and  0-5  in., 
and  reductions  of  82-97%  in  thickness  were  obtained  in  20  to  40 
passes.  The  initial  orientations  of  the  crystals  were  obtained  by 
the  X-ray  back-reflection  technique  or  by  optical  reflection  from 
pits  formed  by  etching ;  the  mean  final  orientations  were  deter- 
mined by  X-ray  Laue  photograms.  Depending  on  the  initial 
orientation  of  both  the  normal  and  rolling  directions,  some  of  the 
crystals  maintained  or  rotated  into  a  reasonably  sharp  single 
orientation  during  deformation;  others  rotated  into  two  distinct 
orientations  by  the  formation  of  fragments  or  of  deformation 
bands,  while  a  third  category  fragmented  into  a  large  number  of 
major  and  minor  orientations  sometimes  approaching  the  entire 
polycnrstalline  pole  figure. 

Innaence  of  Austeoitic  Orain  Size  on  the  Critical  Oooling  Rate  of 
High-Purity  Iron-Carbon  Alloys.  T.  G.  Digges.  (Journal  of  Re- 
search of  the  National  Bureau  of  Standards,  1940,  vol.  24,  June, 
pp.  723-741).  Continuing  his  investigation  of  the  factors  affecting 
the  hardenability  of  high-purity  iron-carbon  aUoys  (see  Joum.  I. 
and  S.I.,  1938,  No.  II.,  p.  178  a),  the  author,  in  the  present  paper, 
examines  the  influence  of  the  grain  size  of  the  austenite  on  the  critical 
cooling  rate  of  these  alloys  containing  carbon  in  the  range  0-23-1 -21%. 
He  describes  the  apparatus  and  experimental  procedure  for  heating 
small  specimens  in  vacuo  and  in  dry  nitrogen  to  different  temperatures 
and  quenching  them  in  hydrogen.  Coofing  curves  were  obtained  by 
a  string  galvanometer  combined  with  a  special  photographic 
apparatus.  The  grain  size  established  at  temperatures  ranging 
from  1425°  to  1600°  F.  increased  markedly  with  decrease  in  the  rate 
of  heating  through  the  transformation  range,  whereas  the  grain  size 
at  1800°  F.  was  not  so  noticeably  dependent  on  the  rate  of  heating. 
The  grain  sizes  at  temperatures  in  the  range  1425-2100°  F.  were  also 
determined.  For  any  selected  temperatiu'es  within  the  range 
1600-2100°  F.  and  with  the  heating  rate  employed,  all  the  alloys 
were  found  to  have  approximately  the  same  average  grain  size, 
provided  that  the  carbon  was  completely  dissolved  at  that  tempera- 
ture. From  this  it  appears  that  the  carbon  in  solution  is  not 
effective  in  inhibiting  the  grain  growth  of  the  austenite  in  these  high- 
purity  iron-carbon  alloys,  but  that  the  actual  temperatures  and  the 
rate  of  heating  through  the  transformation  range  are  the  dominant 
factors  in  controlling  the  grain  size  of  the  austenite.  There  is  a 
narrow  range  of  cooling  rate  within  which  the  austenite  transforms 
at  Ar'  and  a  wide  range  of  quenching  rate  in  which  the  larger  portion 
of  the  austenite  transforms  at  Ar".  This  is  evidence  that  the  tran- 
sition from  the  unhardened  to  the  hardened  condition  in  high-purity 
iron-carbon  alloys  is  brought  about  by  a  small  change  in  the  cooling 
rate.  The  critical  cooling  rate  was  taken  as  the  average  cooling 
rate  between  1 1 10°  and  930°  F.  which  produced  in  the  quenched 
specimen  a  structure  of  martensite  with  nodular  troostite  in  amounts 
estimated  to  be  between  1%  and  3%.    The  critical  cooling  rate 
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decreased  progressively  (t.6.,  the  hardenability  increased)  as  the 
austenitic  grain  size  increased  in  the  alloys  containing  0'8(M)'85% 
of  carbon,  and  for  each  size  of  austenite  grains  investigated  the 
critical  cooling  rate  decreased  continuously  with  increase  in  the 
carbon  content.  For  complete  solution  and  uniform  distribution  of 
the  carbon  at  the  time  of  quenching,  the  critical  cooling  rate  may  be 
approximately  represented  by  the  equation  : 

^^  4i02sr-* 

C  +  0-2' 

where  R  is  the  critical  cooling  rate  in  degrees  Fahrenheit  per  second, 
N  is  the  number  of  austenite  grains  per  square  inch  at  100  diameters, 
and  C  is  the  percentage  of  carbon. 

Effect  of  Composition  and  Steelmaking  Practice  on  Qraphitization 
Below  the  A^  of  Eighteen  One  Per  Cent.  Plain  Carbon  Steels.  C.  R. 
Austin  and  M.  C.  Fetzer.  (American  Institute  of  Mining  and  Metal- 
lurgical Engineers  Technical  Publication  No.  1228  :  Metals  Tech- 
nology, 1940,  vol.  7,  Sept.).  The  authors  report  on  an  investigation 
of  the  correlation  between  the  graphitising  tendency  at  760°  C.  of  a 
number  of  carbon  steels  after  quenching  from  various  temperatures 
above  the  critical  point,  and  (1)  the  minor  variations  in  the  analysis  of 
the  steels,  and  (2)  the  deoxidation  practice  employed  in  their  manu- 
facture. Eighteen  steels  containing  0-98-l'12%  of  carbon  and  very 
small  percentages  of  chromium,  nickel  and  copper  were  used ;  these 
were  heat-treated  at  temperatures  in  the  range  760-1000°  C, 
then  tempered  at  200°  C.  for  1  hr.  before  annealing  for  125  and  600 
hr.  at  670°  C.  in  a  lead  bath  covered  with  charcoal.  Microscopical 
examinations  were  then  made  to  study  the  distribution  of  the 
graphite.  It  was  found  that  the  graphltisation  was  closely  asso- 
ciated with  the  deoxidation  practice.  Alumina  formed  durins 
deoxidation  or  produced  in  the  steel  by  the  oxidation  of  residucJ 
aluminium  appears  to  be  the  active  nucleating  agent  when  annealing 
is  carried  out  in  an  oxidising  atmosphere,  but  the  alumina  must  be 
present  in  the  steel  in  a  certain  physical  state  to  be  effective. 
These  conditions  are  met  when  aluminium  has  been  added  in  the 
mould  or  when  alumina  is  formed  by  oxidation  of  the  residual 
aluminium  in  the  steel.  In  general,  it  was  observed  that  an  in- 
crease in  any  of  the  elements  usually  present  in  carbon  steel  (such 
as  manganese,  silicon,  sulphur,  phosphorus,  chromium,  nickel, 
copper  and  nitrogen)  has  no  effect  upon  the  graphitisation  tendency ; 
the  steels  highest  in  silicon  have  the  least  tendency  and  those  low 
in  silicon,  manganese,  phosphorus  and  nitrogen  have  a  greater 
tendency  to  graphitise. 

The  MetaUography  of  Inclusions  in  Cast  Irons  and  Pig  Irons. 
H.  Morrogh.  (Iron  and  Steel  Institute,  1941,  this  Journal,  Section 
I.).  A  preliminary  scheme  of  classification  for  inclusions  in  cast 
irons  and  pig  irons  has  been  developed.  Using  this  classification, 
the  various  inclusions  are  dealt  with  under  the  appropriate  headings. 
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Various  experiments  have  been  performed  to  elucidate  the  nature 
and  mode  of  occurrence  of  these  particles. 

The  effect  of  pouring  temperature  on  the  morphology  of  man- 
ganese sulphide  is  discussed.  Both  manganese  and  iron  sulphide 
were  found  to  behave  as  nuclei  for  the  formation  of  temper  carbon 
in  malleable  iron.  Manganese  sulphide  gives  "  graphite-flake- 
aggregate  "  temper  carbon  and  iron  sulphide  gives  spherulitic 
temper  carbon. 

A  blue-pink  inclusion  has  been  observed  in  various  cast  irons 
containing  titanium  and  insufficient  manganese  to  neutralise  all  the 
sulphur  as  manganese  sulphide.  This  constituent  has  been  prepared 
in  a  number  of  melts  and  shown  to  be  probably  titanium  sulphide. 
Two  forms  of  the  titanium  sulphide  inclusion  occur,  one  allotrio- 
morphic  and  one  idiomorphic.  The  complicated  optical  properties 
of  this  inclusion,  as  revealed  by  the  metallurgical  polarising  micro- 
scope, are  described  in  detail. 

The  effects  of  test-bar  diameter  and  titanium  content  on  the 
number  of  titanium  carbide  and  titanium  cyano-nitride  crystals 
were  determined  by  means  of  inclusion  counts.  An  attempt  was 
made  to  determine  whether  the  solubility  of  titanium  carbide  in 
austenite  could  be  detected  by  the  inclusion  count  method. 

The  effect  of  zirconium,  in  amounts  up  to  about  0-6%,  on  the 
inclusions  in  cast  irons  was  studied.  With  increasing  zirconium 
content  it  was  found  that  the  manganese  sulphide  in  the  base  iron 
was  gradually  replaced  by  an  orange-yellow  to  grey  inclusion.  When 
all  the  manganese  sulphide  had  been  removed  from  the  structure, 
blue-grey  cubes  of  zirconium  carbide  appeared,  which  combined 
with  the  titanium  carbide  present  to  give  a  complex  titanium- 
zirconium  carbide.  The  optical  properties  of  the  orange-yellow  to 
grey  inclusion,  as  revealed  by  the  polarising  microscope,  are  given 
in  detaO.  In  melts  carried  out  in  a  rocking  arc  furnace,  the  yield  of 
zirconium  from  ferro-siUcon-zirconium  additions  was  very  poor  and 
most  of  the  zirconium  appeared  to  be  fixed  as  lemon-yellow  zirconium 
nitride.  An  attempt  to  introduce  this  inclusion  into  crucible-melted 
cast  iron  by  bubbling  nitrogen  through  the  melt  faOed. 

Very  little  analogy  was  found  between  the  inclusions  in  steels 
and  cast  irons,  the  latter  being  characterised  by  the  almost  complete 
absence  of  visible  oxides  or  silicates.  In  conclusion,  it  is  suggested 
that  the  small  particles  referred  to  in  the  paper  could  be  termed 
minor  phases  "  to  great  advantage  with  regard  to  definition. 


CORROSION   OF  IRON  AND   STEEL 


(( 


The  Reaction  between  Iron  and  Water  in  the  Absence  of  Oxygen. 

M.  de  K.  Thompson.     (Electrochemical  Society,  Oct.,  1940,  Preprint 

No.  24).     In  order  to  study  the  corrosion  of  iron  by  water  in  the 
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absence  of  oxygen,  the  author  left  pure  iron  powder  at  25°  G.  in 
oxygen-free  distilled  water  in  glass  flasks  through  which  hydrogen 
bubbled  continuously.  After  three  days  a  black  deposit  began  to 
form  on  the  flasks,  at  the  water  surface  and  at  the  tip  of  the  inlet 
tube,  which  could  be  identified  as  magnetite.  This  was  therefore  the 
final  product  of  corrosion  in  the  absence  of  oxygen,  as  had  been 
found  by  some  previous  investigators.  The  author  points  out  that 
the  reason  why  iron  with  a  smooth  surface  does  not  react  with 
oxygen-free  water  is  that  its  overvoltage  is  higher  than  the  voltage 
corresponding  to  the  smaU  free-energy  decrease  of  the  reaction. 
This  does  not  apply  to  iron  powder,  which,  owing  to  its  rough 
surface,  gives  the  lowest  possible  overvoltage. 

Tarnish  and  Coiiosion  of  Oalvanised  Sheets.  E.  R.  Morral. 
(American  Zinc  Institute,  Apr.,  1940,  Preprint).  After  an  extensive 
review  of  the  literature  on  the  corrosion  and  tarnishing  of  zinc  and 
galvanised  sheet,  and  on  the  electron-difEraction  analysis  of  zinc, 
the  author  reports  on  his  examination,  by  electron  and  X-ray 
difEraction  methods,  of  fireshly  galvanised  sheets,  and  samples  of 
sheets  covered  with  various  degrees  of  tarnish  and  white  rust.  He 
found  that  fireshly  hot-galvanised  sheets  have  a  transparent  zino 
oxide  coating,  approximately  1000  A.  thick,  which  is  formed  while  the 
coating  cools  down  firom  the  molten  state  on  leaving  the  galvanising 
pot.  This  oxide  film  is  more  protective  against  atmospheric 
corrosion  than  pure  zinc.  It  can  never  be  changed  to  zinc  hydroxide, 
as  is  often  assumed  in  the  literature.  The  author  found,  however, 
that  moisture  causes  the  film  to  grow  until  it  becomes  visible  as  a 
yellow-brown  tarnish,  provided  that  carbon  dioxide  is  absent.  If  it 
is  present,  basic  zinc  carbonate  (white  rust)  is  formed,  which,  under 
the  same  conditions,  also  develops  on  electro-galvanised  sheets. 
Under  normal  atmospheric  conditions  a  transparent  bluish  film  of 
basic  zinc  carbonate  was  found  to  develop  on  galvanised  sheet. 

Coiiosion  of  Ketals  Used  in  Aiiciaft.  W.  Mutchler.  (Journal 
of  Research  of  the  National  Bureau  of  Standards,  1940,  vol.  25, 
July,  pp.  75-81).  The  author  reviews  the  work  that  has  been  done 
since  1925  on  the  investigation  of  the  corrosion  of  metals  used  in 
aircraft  construction.  This  work  has  been  sponsored  by  the 
National  Advisory  Conunittee  for  Aeronautics,  the  Army  Air  Corps 
and  the  Bureau  of  Aeronautics  of  the  Navy  Department.  Most  of 
the  tests  were  made  on  non-ferrous  metals  and  alloys,  but  some 
investigations  were  also  made  with  stainless  steel.  For  this  purpose 
panels  of  polished  cold-rolled  sheets  of  18/8  and  18/12  chromium- 
nickel  steel  were  exposed  to  attack  in  tidal  waters  and  it  was 
observed  that  such  steels  containing  molybdenum  were  more 
resistant  to  attack  than  those  containing  additions  of  titanium  or 
niobium. 

Electrolytic  CoROsion  of  Ship  Stractoies.  J.  H.  Paterson. 
(Transactions  of  the  Institution  of  Engineers  and  Shipbuilders  in 
Scotland,  1940,  vol.  83,  pp.  340-355).    In  his  general  discussion  of 
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the  causes  of  the  corrosion  of  ship  structures  the  author  explains 
the  general  electro-chemical  theory  of  corrosion,  the  terms  "^H 
value  "  and  ''  electro-chemical  series  "  and  quotes  some  practical 
examples  where  the  application  of  the  results  of  scientific  investiga- 
tion has  led  to  the  prevention  of  the  corrosion  of  ships.  In  dealmg 
with  localised  corrosion  the  author  points  out  that  in  steel  in  which 
the  carbon  is  unevenly  distributed,  the  higher-carbon  areas  will  be 
anodic  to  the  lower- carbon  areas,  and  that  steel  which  has  been 
subject  to  stress  and  is  in  a  condition  of  strain  is  anodic  to  less 
strained  steel  alongside  it. 

Marine  Coiiosion  and  Erosion.  J.  W.  Donaldson.  (Metal 
Treatment,  1940,  vol.  6,  Autumn  Issue,  pp.  119-127).  The  author 
reviews  the  results  of  recent  investigations  of  the  marine  corrosion 
of  steel,  referring  in  particular  to  the  reports  pubUshed  by  the 
Corrosion  Committee  of  the  Iron  and  Steel  Institute,  the  work  of  the 
Committee  appointed  by  the  Institution  of  CivU  Engineers  and  that 
of  the  American  Society  for  Testing  Materials.  In  conclusion  he 
deals  with  researches  into  the  causes  and  methods  of  preventing 
the  cavitation  erosion  of  metals  and  alloys  with  special  reference  to 
Mousson's  work  {see  Joum.  I.  and  S.I.,  1938,  No.  II.,  p.  60  a). 

Inflnence  of  Cyclic  Stress  on  Corrosion  Pitting  of  Steels  in  Fresh 
Water,  and  Inflaence  of  Stress  Conosion  on  Fatigue  Limit.  D.  J. 
McAdam,  jun.,  and  G.  W.  Geil.  (Journal  of  Research  of  the  National 
Bureau  of  Standards,  1940,  vol.  24,  June,  pp.  685-714).  The  authors 
report  on  a  further  stage  of  their  investigation  of  the  combined 
effects  of  stress  and  corrosion  on  the  fatigue  limit  of  steel.  Earlier 
stages  of  this  investigation  have  been  reported  previously  (see 
Joum.  I.  and  S.I.,  1931,  No.  I.,  p.  767).  In  the  study  which  forms 
the  subject  of  the  present  paper  the  influence  of  the  degree  of  stress, 
its  fipequency  and  the  period  during  which  the  corrosive  medium 
(in  this  case,  water)  was  applied  on  the  size  and  shape  of  the  corrosion 
pits  was  studied.  Specimens  were  prepared  from  four  types  of 
steel  which  contained  :  (a)  Carbon  0-46%,  (b)  nickel  3-7%,  and 
chromium  0-26%,  (c)  nickel  1-61%  and  chromium  0-73%,  and  (d) 
nickel  3-26%  and  chromium  1-66%,  respectively.  A  comparison 
of  the  specimens  subjected  to  corrosion  with  and  without  fatigue 
stressing  showed  that  the  effect  of  fatigue  stresses  is  to  increase  the 
size  of  the  corrosion  pits,  to  cause  the  pits  to  extend  and  merge  in  a 
direction  transverse  to  the  specimen  and  to  increase  in  depth. 
When  the  combined  influence  of  the  stress,  the  frequency  and  the 
corrosion  time  is  suflSciently  great,  transverse  fissures  appear  at  the 
equators  of  the  rounded  corrosion  pits.  When  the  combined 
influence  of  these  three  variables  is  somewhat  less,  transverse  crevices 
are  formed.  When  the  combined  influence  is  still  less,  the  rounded 
pits  may  merely  extend  laterally  and  deepen.  When  the  combined 
influence  is  small,  the  effect  may  be  only  to  increase  the  size  and 
depth  of  the  pits.  The  application  of  fatigue  stress,  while  increasing 
the  depth  of  the  pits  apparently  decreases  the  tendency  to  spread, 
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and,  while  it  may  have  little  apparent  efifect  on  the  size  of  most  of 
the  pits,  it  has  a  great  efifect  on  the  size  of  a  few  of  them. 

Results  Obtained  With  Cathodic  Protection.  F.  A.  Hough. 
(Proceedings  of  the  Natural  Gas  Section  of  the  American  Gas 
Association,  1940,  pp.  68-81).  The  author  summarises  the  evidence 
collected  from  a  number  of  gas  companies  in  the  United  States 
respecting  the  experience  gained,  and  the  cost  of  installing  and 
operating  apparatus  for  the  cathodic  corrosion  control  of  pipe  lines 
carrying  town  gas.  The  principles  of  cathodic  corrosion  control 
have  been  described  previously  (see  Journ.  I.  and  S.I.,  1940,  No.  II., 
p.  231  A). 

The  Corrosion  of  Underground  Piping.  C.  H.  S.  Tupbolme. 
(Mining  Magazine,  1940,  vol.  63,  Oct.,  pp.  177-184).  The  author 
explains  the  mechanism  of  the  corrosion  of  pipe  lines,  particularly 
with  reference  to  pipes  in  mines.  He  describes  several  methods  of 
protection,  including  the  cathodic  protection  technique  (see  Journ.  I. 
and  S.I.,  1940,  No.  II.,  p.  231  a),  and  the  use  of  bitumens,  tar 
enamels,  impregnated  wrappings,  cement  and  mortar,  cellulose 
nitrate  plastic,  pyralin  and  rubber. 
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MoRLEY,  Arthur.  "  Strength  of  Materials.'*  Ninth  Edition,  8vo. 
Pp.  X  +  571.  Illustrated.  London,  1940.  Longmans, 
Green  and  Co.     (Price  155.) 

When  a  technical  book  reaches  its  ninth  edition,  and  about  fifty 
thousand  copies  have  been  sold,  there  is  little  that  a  reviewer  can  say 
about  it,  since  it  is  obvious  that  the  book  must  have  established  itself, 
in  the  firet  place  because  it  fulfilled  the  object  with  which  it  was  written, 
must  have  maintained  its  position  over  a  long  period  because  nothing 
definitely  better  has  appeared,  and  must  go  on  being  sold  and  used  for 
a  long  tune  as  is  the  way  of  the  technical  classics.  MorIoy*s  Strength 
of  Materials  has  been  in  use  for  many  years  by  students  of  engineering, 
metallurgy  and  other  subjects  who  have  to  study  this  branch  of  technical 
science.  The  new  editions  and  impressions  published  between  1908 
and  1939  have  been  produced  without  resetting  the  type,  so  that 
substantial  revision  or  enlargement  of  the  text  has  been  impossible. 
The  need  for  resetting  the  t3rpe  for  the  ninth  edition  has  given  an 
opportunity  for  more  complete  revision  than  was  possible  before, 
and  the  author  has  taken  advantage  of  this  to  rewrite  chapters  or 
articles  on  those  parts  of  the  subject  in  which  research  or  develop- 
ment has  made  substantial  changes  necessary.  As  would  be  expected, 
a  considerable  amount  of  space  has  had  to  be  found  for  dealing  with 
fatigue,  and  creep  is  also  discussed,  though  very  briefiy.  The  chapter 
on  the  mechanical  properties  of  metcds  is  designed  to  give  a  snort 
account  of  modem  knowledge  about  this,  but  extensive  consideration 
of  the  more  definitely  metallurgical  side  of  the  strength  of  materials 
is  not  to  be  looked  for  in  a  work  which  is  strictly  limited  in  size  and  is 
primarily  concerned  with  stress  calculations.  The  book  was  originally 
\%Titten  for  the  use  of  students.    The  new  edition  is  intended  lor  the 
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same  purpose,  and  no  attempt  has  been  made  to  expemd  the  text  to 
rival  some  of  the  larger  and  newer  works,  or  to  cover  the  ground  of 
several  books.  Of  the  seventeen  chapters  that  the  book  contains, 
thirteen  are  devoted  to  elastic  stress  and  strain,  strain  energy  euad 
strength,  bending  and  beams,  direct  and  bending  stress,  twisting, 
pipes,  cylinders  and  discs,  flat  plates,  and  vibrations  and  critical  speeds. 
Two  of  the  remaining  chapters  deal  with  testing  euad  testing  machines, 
while  the  others  are  concerned  with  the  mechemical  properties  of  metals 
and  with  special  materials  such  as  concrete,  stone,  brick  and  timber. 

J.    M.    ROBEBTSON. 

Newitt,  Dudley  M.  "  The  Design  of  High-Pressure  Plant  and 
the  Properties  of  Fluids  at  High  Pressure,*'  8vo.  Pp.  viii  + 
491.  Illustrated.  London,  1940.  Oxford  University  Press. 
(Price  35s.) 

This  book  is  essentially  a  survey  of  the  specific  effects  of  pressure 
on  physical  processes  tckkmg  place  in  liquid  and  gaseous  syBtems.  It 
deals  therefore  with  a  highly  specialised  subject,  and  is  mainly  based 
on  investigations  that  have  been  carried  out  in  the  past  few  years. 
As,  however,  work  at  high  pressure  requires  the  use  of  suitable  plant, 
a  part  of  the  book  is  devoted  to  the  design  of  plant  for  high-pressure 
service  and  to  the  nature  and  properties  of  the  materials  suitable  or 
available  for  its  construction.  The  five  chapters  which  constitute 
this  first  part  of  the  book  deal  with  the  properties  of  matericUs  used 
in  the  construction  of  high-pressure  plant  and  equipment,  cylinders 
for  the  storage  and  transport  of  permanent  ana  liquefiable  gases, 
stresses  and  strains  in  the  walls  of  cylinders  subjected  to  internal  and 
external  pressure,  the  desisn  of  plant,  and  the  measurement  of  high 
pressures.  It  is  this  part  of  the  book  that  will  be  of  most  direct  interest 
to  metallurgists,  and  in  view  of  the  variety  of  uses  of  gas  cylinders, 
the  large  number  produced  and  the  many  different  ways  of  making 
them,  the  second  and  third  chapters  are  of  special  interest.  The  main 
part  of  the  book  is,  however,  that  dealing  with  the  properties  of  fluids 
at  high  pressures,  and  this  occupies  three  hundred  and  fifty  pages, 
as  against  one  hundred  and  thirty  occupied  by  the  first  part.  Here 
the  author  is  entirely  concerned  with  physical  phenomena  such  as  the 
kinetic  theory  and  the  ideal  fluid,  equations  of  state,  the  compressibility 
of  gaseous  mixtures,  the  thermodynamic  properties  of  gases,  the  lique- 
faction of  gases,  the  compression  and  circulation  of  gases,  the  pressure- 
volume- temperature  relationships  of  liquids,  &c.  As  no  other  book 
on  this  important  subject  has  yet  been  published,  this  one  should  be 
of  great  value  to  those  concerned  with  high -pressure  work,  either 
experimentally  or  in  industry. 

J.    M.    ROBEBTSON. 
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Synopsis  of  the  Mineral  Besonioes  of  SooUand.  M.  Macgregor. 
(Geological  Survey  of  Great  Britain,  Special  Reports  on  the  Mineral 
Resources  of  Great  Britain,  1940,  vol.  33).  A  short  account  is 
presented  of  the  nature,  distribution  and  uses  of  the  various  economic 
minerals  of  Scotland,  together  with  references  to  the  sources  from 
which  more  detailed  information  can  be  obtained.  A  short  section 
on  water  supply  has  been  added. 

Chrome  Ore  and  Chromium.  R.  Allen  and  G.  E.  Howling. 
(Imperial  Institute,  Mineral  Resources  Department,  London, 
1940).  An  account  is  given  of  the  occurrences  of  chrome  ore  in  the 
British  Empire  and  foreign  countries  (see  p.  81a). 

Iron  Deposits  of  the  Steemrook  Lake  Area.  M.  W.  Bartky. 
(Canadian  Mining  Journal,  1940,  vol.  61,  Sept.,  pp.  566-572).  The 
author  reports  on  a  geological  and  geophysical  survey  of  hematite 
deposits  discovered  in  1937  below  the  bed  of  Steeprock  Lake  in  the 
province  of  Ontario,  Canada.  The  deposits  are  overlain  by  75-150 
ft.  of  clay  and  100-200  ft.  of  water.  One  deposit  with  a  possible 
length  of  3300  ft.  and  another  of  700  fb.  have  been  indicated,  but 
information  on  their  width  and  vertical  extent  is  not  yet  available. 
Analyses  of  the  hard  hematite  cores  from  the  drillings  show  an 
average  iron  content  of  58%.  The  principal  deposit  is  situated  four 
miles  from  the  southern  line  of  Canadian  National  Railways  and 
good  water  transportation  is  available  &om  the  site  to  the  railway. 
Electric  power  is  also  available  &om  a  plant  on  Steeprock  Lake. 

Iron-Ore  Developments  in  Sierra  Leone.  W.  S.  Edwards. 
(G.E.C.  Journal,  1940,  vol.  11,  Aug.,  pp.  96-102).  The  author 
describes  the  ore  treatment,  conveying  and  loading  equipment  of 
the  Sierra  Leone  Development  Co.,  Ltd.,  a  company  which  is 
operating  an  iron-ore  mine  in  Sierra  Leone  300  ft.  above  sea  level 
and  50  miles  from  the  coast.  No  analysis  of  the  ore  is  given,  but 
one  deposit  is  described  as  a  soft,  powdery,  micaceous  ore,  mostly 
under  ^  in.  in  size.  The  first  cargo  of  this  ore  was  shipped  to 
Glasgow  in  1933.  Numerous  iUustrations  are  given  of  the  electric 
shovel,  conveyors,  truck  tipper,  screening  plant  and  the  travelling 
storage  bridge. 

Coal  and  Lignite  Deposits  in  Siberia.  (Iron  and  Coal  Trades 
Review,  1940,  vol.  141,  Aug.  30,  p.  215).  A  brief  account  is  given 
of  the  distribution  of  coal  and  lignite  deposits  in  Siberia,  &om  which 
it  is  apparent  that,  whilst  they  are  enormous  in  quantity,  they  are 
unevenly  distributed  over  an  area  of  6,000,000  sq.  miles,  and  it  is 
questionable  whether  any  substantial  development  will  prove 
possible  until  better  railway  facilities  are  provided  to  expedite  dis- 
tribution, and  until  a  considerable  advance  has  been  made  in 
industrial  evolution. 
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Iron-Oie  Concentration  and  the  Lake  Erie  Price.  E.  W.  Davis. 
(American  Institute  of  Mining  and  Metallurgical  Engineers,  Technical 
Publication  No.  1202 :  Metals  Technology,  1940,  vol.  7,  Sept.). 
A  price  for  ore,  known  as  *'  the  Lake  Erie  price,"  is  established  every 
spring,  and  it  determines  the  maximum  price  that  wiU  be  paid 
during  the  coming  season  for  iron  ore  of  the  Mesabi  non-Bessemer 
grade ;  it  is  based  on  the  iron  and  phosphorus  contents  of  the  ore. 
In  the  present  paper  the  author  derives  a  simple  formula  which 
enables  the  value  of  any  ore  to  be  calculated  from  the  Lake  Erie 
price. 

The  Separation  of  Apatite  from  Red  Hematite  Ores  by  Flotation. 
6.  G.  Bring.  (Jemkontorets  Annaler,  1940,  vol.  124,  No.  7,  pp. 
277-312).  (In  Swedish).  The  author  reports  the  results  of  a 
laboratory  investigation  of  the  flotation  process  of  separating  the 
apatite  present  in  Swedish  red  hematite  ores,  using  hydrofluosilicic 
acid  and  waterglass  as  separating  media. 
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(Continued  from  pp.  1  a-2  a) 

The  Action  of  Alkalies  on  Refractory  materials.  Part  VL— The 
Action  of  the  Vapour  from  a  Potadi-Silica  Glass  on  Refractory 
materials  at  1200''  C.  F.  H.  Qews,  H.  M.  Richardson,  A.  Chadeyron 
and  A.  T.  Green.  (Transactions  of  the  British  Ceramic  Society, 
1940,  vol.  39,  Oct.,  pp.  289-296). 

The  Action  of  Alkalies  on  Refractory  materials.  Part  Vn. 
Some  Aspects  of  the  Action  of  Alkali  Chloride  Vapours  on  Refractory 
materials  at  lOOO""  C.  F.  H.  Qews,  H.  M.  Richardson  and  A.  T. 
Green.  (Transactions  of  the  British  Ceramic  Society,  1940,  vol.  39, 
Oct.,  pp.  297-303).  In  the  present  investigation,  which  is  an  exten- 
sion of  that  reported  in  Part  V.  {see  Joum.  I.  and  S.I.,  1940,  No.  II., 
p.  87a),  the  action  of  sodium  chloride  vapour  at  temperatures 
between  700°  and  1000°  C,  in  the  dry  state,  and  in  the  presence  of 
steam,  on  refractory  materials  was  studied.  The  following  con- 
clusions were  arrived  at :  (1)  Sodium  chloride  vapour  in  dry  air  at 
1000°  C.  behaves  similarly  to  potassium  chloride  in  causing  expansion 
efifects  in  refractory  materials ;  (2)  the  presence  of  steam  in  the 
reaction  vessel  with  which  the  tests  were  conducted  does  not  appear 
appreciably  to  modify  the  expansion  caused  by  potassium  chloride 
vapour  and  dry  air  at  1000°  C. ;  (3)  alternations  of  temperature 
between  700°  and  1000°  C.  tend  to  increase  the  rate  of  expansion 
caused  by  potassium  chloride  vapour ;   (4)  disruption  of  a  coarse- 
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grained  sillimanite  material  bonded  with  bentonite  is  caused  by 
alkali  chloride  vapour  treatment  at  1000°  C. ;  and  (6)  the  transverse 
modulus  of  rupture  of  a  fireclay  material  is  considerably  decreased 
by  exposure  to  potassium  chloride  vapour  at  1000°  C. 

The  Action  of  Alkalies  on  Refractory  materials.  Part  VIIL 
Experiments  on  the  Action  of  the  Vapcor  from  Sodium  Alnminate  at 
Various  Temperatures.  F.  H.  Clews,  H.  M.  Richardson  and  A.  T. 
Green.  (Transactions  of  the  British  Ceramic  Society,  1940,  vol.  39, 
Oct.,  pp.  304^311).  The  nature  of  the  action  of  alkali  vapours  on 
refractory  materials  is  dependent  to  some  extent  on  the  compound 
used  as  a  source  of  alkali.  The  results  of  experiments  using  yapours 
from  molten  potash,  a  potash-silica  glass  and  potassium  chloride  have 
already  been  reported.  In  the  present  investigation  data  were 
obtained  using  sodium  aluminates  as  the  source  of  the  alkali  vapour. 
Sodium  aluminates  with  a  molecular  ratio  of  NasO  :  AlgO,  of 
1-27  : 1  and  1-09  :  1  were  selected.  Samples  from  eight  types  of 
commercial  refractory  bricks  were  tested  by  suspending  them  from 
sillimanite  rods  by  platinum  wires  in  sillimanite  crucibles  containing 
the  powdered  sodium  aluminate.  The  crucibles  were  heated  to 
temperatures  of  1200%  1100°,  1000°  and  900°  C,  and  the  rate  of 
increase  in  weight  was  noted.  From  the  data  obtained  the  authors 
made  the  following  deductions  :  (1)  The  rate  of  increase  in  weight 
is  greater,  the  higher  the  temperature  and  the  greater  the  content 
of  sodium  oxide  in  the  aluminate ;  (2)  highly  siliceous  materials 
increase  in  weight  more  rapidly  than  fireclay,  and  fireclay  more 
rapidly  than  sillimanite  ;  (3)  experiments  with  fireclay  specimens  of 
artificially  increased  porosity  suggested  that  the  chemical  com- 
position of  the  refractory  is  of  more  importance  in  determining  the 
rate  of  absorption  than  the  porosity ;  and  (4)  the  rates  of  penetration 
of  the  alkali  from  sodium  aluminate  at  1000°  C.  into  a  silica,  a  fire- 
clay and  a  sillimanite  product  decrease  in  that  order. 

Effects  upon  Furnace  Refractories  of  Protective  Oases  for  High 
Carbon  Steels.  J.  H.  Loux.  (American  Society  for  Metals,  Oct., 
1940,  Preprint  No.  24).  The  author  considers  the  problem  of  the 
selection  of  the  best  type  of  refractory  brick  to  resist  the  attack  of 
the  protective  atmospheres  used  for  the  heat  treatment  of  high- 
carbon  steels.  He  suggests  that  the  problem  is  similar  to  that  of 
selecting  bricks  for  blast-furnace  linings.  A  number  of  illustrations 
are  presented  of  five  different  qualities  of  American  firebrick  after  a 
three-months  test  on  the  base  of  a  removable-hood  type  of  furnace  in 
which  an  atmosphere  containing  about  20%  of  carbon  monoxide 
was  used.  The  results  of  this  test  showed  that  cheap  firebricks 
glazed  on  five  sides  and  resting  on  the  unglazed  side,  and  hard 
pressed,  de-aired,  Kentucky  clay  firebricks  with  a  dense  surface 
offered  the  greatest  resistance  to  mechanical  abrasion  and  to  the 
action  of  the  protective  atmosphere. 

Apparatus  and  Method  for  the  Determination  of  Porosity  in 
Refractory  materials.    G.  E.  Sell,  B.  S.  Tucker  and  H.  A.  Heiligman. 
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(Journal  of  the  American  Ceramic  Society,  1940,  vol.  23,  Nov.,  pp. 
330-333).  The  authors  describe  an  apparatus  and  procedure  for 
determining  the  porosity  of  refractory  materials.  The  samples 
used  consisted  of  100-g.  portions  of  grain  or  crushed  brick  between 
^  in.  and  }  in.  in  size.  The  true  specific  gravity  of  the  sample  was 
determined  with  a  pycnometer,  and  the  volume  was  determined  by 
a  mercury-displacement  method,  the  apparatus  for  which  is 
described  in  detail.  The  calculation  of  the  porosity  from  the  true 
specific  gravity,  the  weight  and  the  volume  of  the  sample  by  means 
of  a  simple  formula  is  explained.  The  results  obtained  are  accurate 
within  db  0-26%.  The  advantages  of  the  method  include  the 
following :  (1)  A  composite  representative  sample  from  a  mass  of 
crushed  refractory  material  can  be  used ;  (2)  samples  from  any 
portion  of  a  brick  can  be  tested  and  any  variation  in  the  porosity  of 
the  brick  can  thus  be  established  ;  (3)  it  eliminates  the  inaccuracies 
inherent  in  methods  in  which  free  liquid  has  to  be  wiped  away  from 
the  surface  of  the  sample ;  and  (4)  it  is  adaptable  to  any  type 
of  ceramic  material. 
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(Continued  from  pp.  2  A-6  a) 

The  Place  of  Coal  in  the  Steel  Plant— Past,  Present  and  Future. 
H.  V.  Flagg.  (Mining  and  Metallurgy,  1940,  vol.  21,  Oct.,  pp. 
457-461).  The  author  refers  to  changes  in  the  use  of  fuel  at  the 
works  of  the  American  Rolling  Mill  Co.,  Middletown,  which  have 
resulted  in  a  very  greatly  reduced  consumption  of  coal  in  the  various 
processes  of  steelmaking,  and  compares  the  fuel- consumption  data 
for  the  years  1927  and  1940.  He  discusses  the  increased  use  of 
natural  gas  in  the  United  States  and  the  advantages  and  dis- 
advantages of  pulverised  coal  as  a  fuel  for  soaking  pits  and  heat- 
treatment  furnaces. 

Steam  Turbine  Practice  in  Steelworks.  A.  C.  Hirst.  (English 
Electric  Journal,  1940,  vol.  10,  Nov.,  pp.  40-48).  The  author 
presents  a  short  survey  of  the  various  applications  of  steam  in  steel- 
works practice,  with  particular  reference  to  steam  turbines  for 
power  generation  and  turbo-drives. 

The  Influence  of  Ash  Constituents  on  the  Reactivity  of  Coke. 
R.  N.  Golovati.  (Journal  of  Applied  Chemistry,  U.S.S.R.,  1939, 
vol.  12,  pp.  1178-1186  :  Fuel  in  Science  and  Practice,  1940,  vol.  19, 
Oct.,  pp.  206-211).  The  author  presents  the  results  of  a  study  of 
the  effect  of  the  presence  of  chlorides  of  iron,  aluminium,  calcium, 
magnesium,  manganese  and  potassium,  and  of  silicic  acid  either 
separately  or  in  mixtures,  on  the  reactivity  of  two  representative 
cokes  from  the  Don  Basin  in  the  U.S.S.R.  The  reactivity  was 
calculated  in  accordance  with  Bahr's  formula.     It  was  shown  that 
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iron  chloride  increases,  and  silicic  acid  reduces,  the  activity  of  coke, 
not  only  at  700°  C,  but  also  at  the  temperature  of  the  initial 
reaction  between  carbon  dioxide  and  the  carbon  of  the  coke.  The 
influence  of  certain  catalysts  on  the  velocity  of  this  reaction  was  also 
examined,  and  it  was  found  that  their  effect  depended  on  the  nature 
of  the  coke.  Good  catalysts,  in  decreasing  order  of  effectiveness, 
were  iron,  calcium  and  potassium. 

Studies  on  Some  Characteristics  of  Indian  Coking  Coals.  B.  K. 
Dutta  Boy.  (Becords  of  the  Geological  Survey  of  India,  1940, 
vol.  75,  May,  Professional  Paper  No.  3).  It  has  been  established 
that,  in  India,  good  coking  coals  for  the  smelting  of  iron  ores  wiU 
only  be  available  for  a  limited  period.  In  the  present  report  the 
author  presents  the  results  of  his  investigation,  carried  out  at  the 
request  of  the  Coal  Mining  Committee  set  up  by  the  Government  of 
India,  on  the  following  characteristics  of  Indian  coking  ooals : 
(a)  The  caking  index ;  (6)  the  swelling  properties ;  (c)  decomposition 
and  softening  points;  and  (d)  blending.  From  the  information 
and  data  presented  it  is  expected  that  some  important  economies  in 
the  utilisation  of  Indian  coking  coals  can  be  effected. 
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(Continued  from  pp.  5  a-6  a) 

The  Output  of  BUst-Fomace  Dust.  N.  I.  Manzyuk.  (Metal- 
lurg,  1939,  No.  10-11,  pp.  35-43).  (In  Russian).  Observations 
on  the  output  of  blast-furnace  flue  dust  are  important,  as  they 
enable  some  conclusions  to  be  drawn  regarding  the  working  of  the 
furnace,  and,  more  particularly,  they  provide  a  guide  as  to  the 
necessary  proportioning  of  the  constituents  of  the  burden.  In 
connection  with  the  latter  purpose,  frequent  determinations  of  the 
dust  output  are  necessary  in  view  of  its  possible  appreciable  and 
rapid  variations.  At  the  works  of  the  Kuznetskiy  Metallurgical 
Group  the  amount  of  blast-furnace  dust  carried  over  is  roughly 
estimated  every  two  hours  by  emptying  the  contents  of  the  primary 
dust-catchers  into  dump  cars.  A  large  number  of  observations  on 
the  total  dust  carried  over  and  the  amount  of  dust  collected  in  the 
primary  dust-catchers  were  made  on  three  blast-furnaces.     Curves 

Slotted  from  the  data  obtained  indicate  that  there  is  a  relation 
etween  these  two  amounts,  though  a  number  of  the  results  deviate 
appreciably.  The  latter  were  recorded  during  erratic  working  of 
the  furnace  as  a  result  of  scaffolding.  Under  such  conditions  a 
smaller  proportion  of  the  larger  total  amount  of  dust  carried  over  is 
retained  in  the  primary  dust-catchers.  In  discussing  the  relation 
between  the  manner  in  which  the  blast-furnace  is  working 
and  the  output  of  dust,  the  author  mentions  some  results  which 
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show  that  dust  carried  over  during  the  erratic  working  of  a  furnace  in 
a  poor  condition  has  an  increased  ferrous-oxide  content,  and  that 
there  is  also  some  metallic  iron  present.  The  evidence  suggests  that 
under  such  conditions  dust  carried  upwards  settles  and  accumulates 
in  the  furnace,  sjid  is  only  carried  over  after  further  crushing. 
The  large  number  of  factors  afifecting  dust  output  overlap  to  a 
certain  extent  and  cannot,  generally,  be  dealt  with  separately.  A 
certain  relationship,  characteristic  for  each  particular  furnace,  was 
foimd  to  exist  between  the  average  daOy  blast  pressure  and  the 
daily  dust  output. 

The  Oatpat  of  Dost  and  the  Distribution  of  the  Oas  Stream  in  the 
Throat  of  the  Blast-Fomace.  D.  A.  Pospelov.  (Metallurg,  1939, 
No.  10-11,  pp.  44-53).  (In  Russian).  In  some  introductory 
remarks,  reference  is  made  to  the  unsatisfactory  results  accompany- 
ing the  excessive  moistening  of  the  ore  charged  into  the  blast-furnace 
in  an  attempt  to  reduce  the  evolution  of  dust.  The  distribution  of  the 
gas  stream  in  the  throat  of  the  No.  3  blast-furnace  of  the  Zaporozh- 
stal  works  was  investigated  in  view  of  its  obvious  connection  with 
dust  evolution.  This  was  done  by  taking  measurements  of  the 
carbon  dioxide  present  at  points  along  the  radius  of  the  throat  in 
the  space  just  below  the  lower  edge  of  the  distributor  cone.  It  was 
observed  that  with  an  increase  in  the  carbon-dioxide  content  of  the 
gas  near  the  periphery,  and  a  decrease  near  the  centre,  the  dust 
evolution  increa>ses  and  the  working  of  the  furnace  becomes  less 
steady.  In  order  to  get  undisturbed  working  of  the  fiumace  a  steady 
gas  stream,  either  peripheral  or  axial,  must  be  obtained ;  a  low  dust 
evolution  is,  however,  most  frequently  obtained  with  a  steady 
peripheral  gas  stream.  The  level  of  the  charge  must  also  not  be 
allowed  to  drop  too  low.  The  distribution  of  the  gas  stream  may 
be  controlled  by  varying  the  weight  of  the  charges  dropped  into  the 
furnace  from  the  distributor.  In  the  Zaporozhstal  furnaces  a 
decrease  in  the  charge  results  in  less  ore  reaching  the  centre,  whilst 
an  increase  in  the  charge  favours  peripheral  distribution  of  the 
blast.  The  way  in  which  the  above  observations  can  be  utilised  in 
practice  is  exemplified  by  the  methods  adopted  to  control  the 
working  of  the  No.  3  blast-furnace  during,  and  following,  the 
blowing-in.  It  is  concluded  that  one  can  either  have  a  steadier 
working  of  the  furnace  and  a  lower  production  of  dust  with,  at  the 
same  time,  a  slightly  increased  consumption  of  coke  as  a  result  of 
peripheral  working,  or  an  increase  in  the  output  of  the  furnace  and 
a  lower  coke  consumption  with,  at  the  same  time,  an  increase  in  the 
evolution  of  dust. 

On  the  Question  of  Running  Blast-Fomaces  on  Iron-Coke. 
K.  V.  Messerle  and  6.  S.  Gerasimchuk.  (Metallurg,  1939,  No. 
10-11,  pp.  21-27).  (In  Russian).  The  authors  discuss  experience 
gained  in  Russia  in  the  use  of  iron-coke  in  blast-furnaces.  Iron- 
coke  is  obtained  by  adding  blast-furnace  flue  dust  to  the  coke-oven 
charge.    Incidentally,  it  enables  rich  non-coking  coals  to  be  utilised. 
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The  properties  of  the  iron-coke  used  in  a  number  of  blast-furnaces 
are  described.  Some  of  them  had  unsatisfactory  drum-test  proper- 
ties, and  their  sulphur  content,  generally  speaking,  was  high.  In 
several  blast-furnaces  the  use  of  thw  coke  was  not  successful.  Experi- 
ments on  the  use  of  iron-coke  in  three  blast-furnaces  at  the  Stalin 
works  were  successful,  owing  to  its  satisfactory  characteristics  when 
employed,  either  alone  or  mixed  with  ordinary  coke.  The  mean 
diameter  of  the  iron-coke  lumps  was  about  7%  greater  than  that  of 
ordinary  coke.  This,  together  with  its  much  lower  porosity, 
improved  the  distribution  of  the  blast  in  the  furnace  and  enabled  a 
slightly  lower  blast  pressure  to  be  used.  The  coke  had  been  pre- 
pared from  a  charge  to  which  had  been  added  10%  of  blast-furnace 
dust,  which  figure  is  regarded  as  the  optimum.  The  average  iron 
content  of  the  dust  was  7-6%,  of  which  up  to  65%  was  metallic  iron, 
and  the  sulphur  content  was  1-7%.  Operating  data  for  the  furnaces 
showed  that  the  use  of  this  iron-coke  resulted  in  a  reduction  of  the 
fuel  consumption  and  an  improved  utilisation  of  the  volume  of  the 
furnace.  While  the  sulphur  content  of  the  slag  increased,  that  of  the 
iron  remained  unchanged,  owing  to  an  increase  of  40°  C.  in  the 
temperatiu^  of  the  slag.  When  iron-coke  is  used  the  temperature 
of  the  blast  should  be  raised. 

Mannfactiire  of  Ferro-Silicon  in  the  Blast-Fomace.  (Foundry 
Trade  Journal,  1940,  vol.  63,  Oct.  31,  p.  284).  The  results  of 
Russian  investigations  on  the  manufactiu^  of  ferro-silicon  in  the 
blast-furnace  are  briefly  presented.  (See  Joum.  I.  and  S.I.,  1940, 
No.  IT.,  p.  211  A). 

MannTactnre  of  Sponge  Iron  at  Nildih.  (Tisco  Review,  1940, 
vol.  8,  Sept.,  p.  710).  A  brief  account  is  given  of  the  working  of  a 
small  blast-furnace,  4  ft.  6  in.  high,  built  of  local  clay  at  Nildih,  on 
the  river  Suvamarekha,  India,  in  which  about  18  J  lb.  of  sponge  iron 
were  made  in  a  day. 

The  Iron-Powder  Situatioii.  A.  T.  Fellows.  (Metals  and  Alloys, 
1940,  vol.  12,  Sept.,  pp.  288-291).  The  author  considers  the 
economic  aspect  of  the  development  of  the  manufacture  of  iron 
powder  in  the  United  States.  He  estimates  that  if  iron  powder 
were  available  at  a  price  of  about  10  cents  per  lb.,  a  market  for 
600-1000  tons  per  annum  might  be  anticipated,  and  that  if  iron 
powder  of  better  quality  suitable  for  electrical  purposes  were  avail- 
able at  prices  ranging  from  10  to  60  cents  per  lb.,  300-500  tons  jwr 
annum  might  be  sold.  He  points  out  that  the  largest  source  of 
supply,  Sweden,  is  now  cut  off  from  America  owing  to  the  war 
in  Europe,  and  that  it  is  quite  possible  that,  after  the  war,  iron 
powder  of  Swedish  origin  may  be  shipped  to  America  at  low 
controlled  prices  which  do  not  reflect  the  cost  of  production, 

Oermany's  Iron  and  Steel  Position.  6.  Abrahamson:  (Iron  and 
Steel,  1940,  vol.  14,  Oct.  22,  pp.  36-42).  The  author  diBCUssea  the 
measures  taken  in  Germany  during  the  last  few  years  to  make  the 
production  of  iron  and  steel  leas  dependent  upon  foreign  supplies  of 
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ore.  In  the  field  of  raw-material  supply  it  was  the  aim  to  intensify 
mining  in  Germany,  and  in  the  sphere  of  iron  and  steel  production 
it  was  to  bring  technical  conditions  into  Kne  with  the  position 
created  by  the  enforced  changes  in  the  supply  of  raw  materials ; 
quality  entered  into  the  question  only  in  so  far  as  changes  were 
necessary  in  order  to  satisfy  the  consumer.  The  author  then  relates 
how  the  Czech  and  Polish  steel  industries  have  been  incorporated 
into  the  German  economic  sphere  ;  he  also  endeavours  to  assess  the 
position  created  by  the  German  control  of  the  iron  and  steel  indus- 
tries of  France,  Belgium  and  Luxemburg.  In  summarising  the 
present  position  of  Germany's  iron  and  steel  industry,  the  author 
estimates  that  the  output  of  steel  has  declined  since  the  outbreak 
of  war  by  at  least  one-quarter  and  is  likely  to  fall  further  as  a  result 
of  receding  material  supphes.  The  capture  of  vast  quantities  of 
armaments,  transport  and  scrap  from  France  and  Belgium,  while 
a  factor  of  great  importance,  can  only  temporarily  afifect  the 
situation. 

Brazil's  Iron  and  Steel  Industry.  (Iron  and  Steel,  1940,  vol.  14, 
Oct.  22,  pp.  49-51).  After  a  brief  history  of  the  negotiations  of 
the  Brazilian  Government  first  with  the  Itabira  Iron  Ohre  Company 
and  then  with  the  United  States  Steel  Corporation  for  the  estabUsh- 
ment  of  a  large  iron  and  steel  works  in  Brazil,  a  short  account  is 
given  of  the  plan  envisaged  by  the  Executive  Board  of  the  National 
Siderurgical  Plan  for  the  development  of  the  production  of  steel  in 
Brazil.  Some  statistics  are  given  relating  to  the  production  and 
consumption  of  pig  iron,  sheet  iron  and  steel  in  Brazil,  from  which 
it  is  seen  that  while  the  annual  consumption  is  about  5,500,000  tons, 
the  production  is  only  about  300,000  tons. 
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(Continued  from  pp.  6  A-7  a) 

The  Significance  of  Hydrogen  in  the  Metallurgy  of  Malleable 
Cast  Iron.  H.  A.  Schwartz,  G.  M.  Guiler  and  M.  K.  Bamett. 
(American  Society  for  Metals,  Oct.,  1940,  Preprint  No.  3).  The 
authors  had  intended  to  study  the  influence  of  hydrogen  on  the 
rate  of  graphitisation  in  the  production  of  malleable  iron,  but  they 
found  this  to  be  affected  by  a  number  of  variables  which  required 
preliminary  study.  The  present  paper  is  an  exploratory  survey  of 
the  whole  subject  of  the  significance  of  hydrogen  in  the  production 
of  malleable  iron.  The  results  presented  apply  only  to  white  cast 
irons  of  the  compositions  commonly  encountered  in  malleable  iron 
practice.  The  authors'  conclusions  may  be  summarised  as  follows  : 
(1)  White  cast  iron  will  dissolve  approximately  twice  as  much 
hydrogen  from  a  given  atmosphere  as  will  pure  iron  at  the  same  tern- 
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perature ;  (2)  no  evidence  was  obtained  that  graphite  adsorbs  any 
appreciable  amount  of  hydrogen ;  (3)  commercially  produced  white 
cast  irons  may  contain  0-0()02-0-()010%  of  hydrogen  by  weight ; 
(4)  the  hydrogen  referred  to  in  (3)  originates  from  rust  in  the  charge, 
from  moisture  in  the  air,  and  possibly  from  the  fuel ;  (5)  the  oxid- 
ising reactions  during  melting  reduce  the  hydrogen  content,  but,  in 
general,  the  oxygen  content  of  metal  high  in  hydrogen  is  likely  to 
be  high ;  (6)  the  introduction  of  a  small  amount  of  almost  any 
solid  metallic  addition  into  liquid  white  cast  iron  reduces  the  hydro- 
gen content ;  and  (7)  after  annealing,  the  hydrogen  content  of  the 
iron  approaches  a  constant  value  slightly  above  0*0001  %,  irrespective 
of  the  initial  hydrogen  content. 

Short-Cyde  Annealing.  B.  M.  Cherry.  (Iron  Age,  1940,  vol. 
146,  Sept.  26,  pp.  34-37).  The  author  describds  in  detail  the  design 
of  large  and  small  modem  electric  furnaces  for  the  annealing  of 
malleable  iron.  Details  of  both  batch  and  continuous  furnaces  are 
given  and  attention  is  drawn  to  the  reduction  in  annealing  time  and 
labour,  the  improved  conditions  of  working,  the  saving  in  floor  space 
and  the  uniformity  in  the  quality  of  the  product  as  compared  with 
the  older  annealing  technique  when  the  charges  were  placed  in 
heavy  cast  iron  pots. 

New  Custom  Alloy  Shop.  O.  B.  Beiss.  (Steel,  1940,  vol.  107, 
Oct.  14,  pp.  111-112,  139).  A  brief  description  is  given  of  the  de- 
velopment and  present  plant  of  the  Youngstown  Alloy  Casting  Cor- 
poration, which  specialises  in  the  manufacture  of  small  alloy  sted 
castings  with  high  wear-resisting  properties,  such  as  mandrels  and 
guide-shoes  for  tube  mills. 

Application  of  ControUed  Directional  Solidification  to  Laxge 
Steel  Castings.  J.  A.  Duma  and  S.  W.  Brinson.  (Transactions  of 
the  American  Foundrymen's  Association,  1940,  vol.  48,  Dec,  pp. 
225-277).  This  paper  has  already  been  published  in  the  Journal 
of  the  American  Society  of  Naval  Engineers,  1940,  vol.  52,  Feb., 
pp.  26-59,  and  an  abstract  appeared  in  Joum.  I.  and  S.I.,  1940, 
No.  n.,  p.  10  a. 

Coatings  for  Wood  Patterns.  F.  C.  Cech  and  V.  J.  Sedlon. 
(Transactions  of  the  American  Foundrymen's  Association,  1940, 
vol.  48,  Dec,  pp.  369-392).  The  authors  present  and  discuss  the 
replies  received  to  a  questionnaire  sent  out  to  a  large  number  of 
American  varnish  and  paint  manufacturers  and  pattern-makers  in 
order  to  obtain  information  on  suitable  coatings  for  wood  patterns. 
From  the  replies  received  it  was  found  that :  (1)  75%  of  those  con- 
cerned prefer  ilake  shellac  to  "  cut  "  shellac  (the  latter  is  prepared 
by  covering  flake  shellac  with  a  solvent  over-night  and  stirring  and 
thinning  out  the  solution  on  the  following  morning) ;  (2)  patented 
solvents  are  rapidly  replacing  wood  alcohol ;  (3)  black  extract  is 
superseding  lampblack  as  a  pigment ;  (4)  vermilion  is  preferred  to 
other  shades;  (5)  yellow  pigment  is  little  used;  (6)  aluminium 
powder,  mixed  with  shellac  or  varnish,  is  gaining  in  favour;    (7) 
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oxalic  acid  should  not  be  used  for  reducing  the  opacity  of  shellac ; 
(8)  earthenware  containers  for  shellac  are  preferred ;  (9)  the  spra3ring 
of  patterns  is  not  practicable ;  and  (10)  the  pattern  coating  of  the 
future  will  probably  consist  of  a  priming  coat  of  shellac  with  a  top 
coat  of  lacquer. 

Core  Behaviour  at  Elevated  Temperatures.  H.  W.  Dietert. 
(Foundry,  1940,  vol.  68,  Oct.,  pp.  62,  112-113).  The  author  dis- 
cusses the  relation  between  the  tensile  strength  and  hardness  of  cores 
and  their  expansion  and  rate  of  collapse  at  elevated  temperatures. 
He  shows  that  as  the  tensile  strength  of  a  core  decreases,  the  ex- 
pansion decreases  rapidly,  and  that  a  reduction  in  the  hardness  also 
decreases  the  expansion.  An  adjustment  of  the  oU/sand  ratio  of 
the  core  thus  provides  a  method  of  controlling  the  expansion. 
The  rate  of  collapse  of  a  core  as  it  is  heated  by  molten  metal  may 
be  varied,  not  only  by  the  tensile  strength,  but  also  by  the  core 
permeability  and  changes  in  the  clay  content  of  the  mixture. 

Bairel-^^rpe  Valve  Lifters  Molded  in  Green  Sand.  E.  C.  Hoenicke. 
(Foundry,  1940,  vol.  68,  Oct.,  pp.  42-46,  107-109).  The  author 
describes  the  moulding  technique  which  was  devised  for  the  pro- 
duction in  large  quantities  of  barrel-shaped  valve  tappets  for  internal 
combustion  engines.  Green  sand  was  used  for  both  the  mould  and 
the  cores,  and  the  tappets  are  now  cast  in  the  vertical  plane  on  a 
single  metal  chill-plate  for  the  entire  mould.  It  was  found  that  the 
cost  of  32  patterns  for  each  mould  was  very  high,  and  it  was 
eventually  decided  to  use  die-cast  patterns  of  a  zinc-base  white 
metal. 

Ford  Cast-Steel  Crankshafts  Now  Poured  Continaously.  E.  F. 
Cone.  (Metals  and  Alloys,  1940,  vol.  12,  Sept.,  pp.  267-270).  The 
author  describes  the  plant  developed  by  the  Ford  Motor  Co.  for 
the  production  of  steel  for  casting  automobile  crankshafts.  The 
plant  consists  of  two  cupolas  or  stacks  26  ft.  high  and  36  in.  in  dia., 
each  of  which  has  a  long  fore-hearth  or  air-furnace  at  the  base  fired  by 
pulverised  coal.  The  flame  from  this  fuel  sweeps  along  the  hearth  and 
up  the  cupola  where  the  charge  is  preheated.  The  charge  is  made  up 
of  40%  of  returned  scrap,  20%  of  basic  iron  and  40%  of  briquetted 
borings,  and  it  is  put  in  through  the  charging  door  16  ft.  above  the 
foundry  floor.  The  charge  melts  at  the  base  of  the  cupola,  from 
which  it  feeds  continuously  into  the  fore-hearth,  where  it  is  brought 
up  to  about  2700°  F.  The  metal  is  then  tapped  off  into  an  8-ton 
transfer  ladle,  in  which  it  is  taken  to  a  16-ton  electric-arc  furnace  for 
superheating  to  2900°  F.  During  the  brief  period  it  is  in  this 
furnace  spectrographic  analyses  are  taken  and  alloys  are  added  to 
bring  the  metal  to  the  desired  composition.  From  the  electric 
furnace  the  metal  is  conveyed  in  ladles  to  a  rocking  type  of  holding 
furnace  also  fired  with  pulverised  coal.  The  steel  then  flows  con- 
tinuously into  a  pouring  car,  whence  it  pours  simultaneously  into 
two  moulds  of  four  crankshafts  each.  The  composition  of  the 
cast  metal  is  as  follows :    carbon  1*35-1 -60%,  manganese  0-70- 
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0-90%,  silicon  0-85-M0%,  copper  l-60-200%,  chromium  0-40- 
0-50%,  phosphorus  010%  max.  and  sulphur  0-08%  max. 

Centrifagally  Cast  Gear  Blanks.  (Machinery,  1940,  vol.  57, 
Oct.  31,  pp.  117-119).  An  illustrated  description  is  given  of  the 
foundry  practice  at  the  Dearborn  Works  of  the  Ford  Motor  Co.  for 
the  centrifugal  casting  of  gear  blanks  for  automobiles  and  tractors. 
The  gears  are  cast  up  to  13  in.  in  dia.  The  steel  is  melted  in  a  15-ton 
electric  furnace,  whence  it  is  delivered  to  a  10-ton  holding  furnace ; 
from  the  latter  the  metal  is  carried  by  ladles  suspended  on  a  mono- 
rail to  the  pouring-stations  of  four  large  turntables,  each  of  which 
carries  eighteen  steel  dies  or  moulds.-  As  each  mould  approaches 
the  pouring-station  an  electric  motor  beneath  the  mould  is  auto- 
matically started  and  rotates  it  during  pouring  and  cooling.  The 
temperature  of  the  metal  entering  the  mould  is  2860-2900**  F. 
After  spinning  for  2  min.  the  moulds  reach  the  unloading  station, 
where  the  casting  is  removed  and  new  cores  are  inserted.  The 
analysis  and  some  of  the  mechanical  properties  of  the  finished 
castings  after  machining  and  heat  treatment  are  given. 

Scrap  Salvage  by  Mf^etie  Separation.  W.  £.  Box.  (Foundry 
Trade  Journal,  1940,  vol.  63,  Oct.  24,  pp.  265-266).  The  author 
describes  and  illustrates  a  number  of  magnetic  separating  machines 
designed  for  recovering  iron  scrap  in  the  form  of  brads,  spillings, 
&c.,  from  used  moulding  sand  and  for  treating  the  waste  going  to 
tips  and  slag-banks,  including  sweepings  from  workshops,  areas  and 
yards,  and  for  treating  existing  dumps  and  slag-banks. 
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(Continued  from  pp.  7  A-8  a) 

The  Add  Bessemer  Process  of  IMG.  H.  W.  Graham.  (American 
Institute  of  Mining  and  Metallurgical  Engineers,  Technical  Publica- 
tion No.  1232  :  Metals  Technology,  1940,  vol.  7,  Oct.).  The  author 
points  out  that  the  Bessemer  process  of  steelmaking  developed 
rapidly  in  America  in  its  early  history  owing  to  economic  reasons,  but 
that  it  receded  steadily  from  its  peak  for  both  economic  and  metal- 
lurgical reasons.  He  states,  however,  that  the  decline  of  the  Bessemer 
process  has  gone  somewhat  further  than  is  justified  by  present 
economic  considerations  and  that  the  production  of  Bessemer  steel 
is  likely  to  remain  on  the  same  level,  or  perhaps  even  to  increase  in 
coming  years.  He  compares  the  Bessemer  and  open-hearth  processes 
at  some  length,  and  deals  in  separate  sections  with  production, 
availabihty  of  scrap,  investment  costs,  product  losses,  metallurgical 
history,  inherent  factors,  basis  for  control,  end-point  determination, 
temperat\u*e  control,  design  and  maintenance,  oxygen  and  nitrogen 
control,  and  physical  properties  of  the  products. 
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The  Hetallursical  Observer.  N.  H.  Bacon.  (Sheffield  Society  of 
Engineers  and  Metallurgists  :  Iron  and  Coal  Trades  Review,  1940, 
vol.  141,  Nov.  8,  pp.  467-468 ;  Nov.  16,  p.  493).  The  author 
describes  the  development  at  a  large  Sheffield  steelworks  of  a  team 
of  metallurgical  observers  and  its  duties.  The  advantages  of 
promptly  supplying  reports  on  the  casting  conditions  to  the  rolling- 
mill  staff,  and  of  the  collection  and  examination  of  records  of  the 
charging,  melting,  refining,  teeming,  rolling  and  dressing  of  the  steel 
are  noted.  The  changes  in  practice  which  led  to  an  improvement 
in  the  quality  of  the  billets  included  :  (1)  An  extension  of  bottom- 
pouring  practice ;  (2)  controlling  the  teeming  speed  by  a  partially 
shut  stopper ;  (3)  lengthening  the  pouring  nozzle  from  7  to  10 i  in. ; 
and  (4)  boiling  the  nozzles  in  tar  until  saturated.  In  the  con- 
cluding part  of  his  paper  the  author  discusses  some  factors  affecting 
the  life  of  ingot  moulds,  sand  inclusions  in  tyre  steel  and  comer 
segregation  in  octagonal  alloy-steel  ingots  which  were  discovered 
by  statistical  analysis. 

Tailor-Hade  Stoeb.  T.  Grey-Davies.  (Sheet  Metal  Industries, 
1940,  vol.  14,  Aug.,  pp.  827-828;  Nov.,  pp.  1174-1176,  1178). 
Continuation  of  a  series  of  articles  (see  Journ.  I.  and  S.I.,  1940, 
No.  II.,  p.  139  a).  In  Parts  XVI.  and  XVII.  of  this  series  the 
author  explains  the  mechanism  of  the  solidification  of  rimming-steel 
ingots  and  presents  some  illustrations  showing  the  appearance  of  a 
section  of  an  ingot  at  different  heights.  He  also  discusses  the 
American  practice  of  adding  very  smaU  quantities  of  sodium  fluoride 
when  teeming  in  order  to  assist  the  rimming  reactions.  The  addition 
of  this  compound  at  the  commencement  of  pouring  accelerates  the 
reaction  in  the  lower  half  of  the  ingot  mould,  thereby  producing  an 
ingot  with  a  more  uniform  skin  thickness.  It  also  enables  steels  of 
higher  carbon  content  to  rim  more  readily,  and  causes  a  substantial 
improvement  in  the  quality  of  the  surface.  He  suggests  that  the 
powerful  action  of  a  fluoride  such  as  fluorspar  in  increasing  the 
fluidity  of  basic  slags  is  a  subject  requiring  greater  study  by  steel- 
makers. 

The  Thermal  Relations  Between  Ingot  and  Mould.  T.  F.  Russell. 
(Iron  and  Steel  Institute,  1941,  this  Journal,  Section  I.).  Sait6's 
formula  for  the  distribution  of  heat  between  ingot  and  mould  are 
examined  quantitatively.  The  practical  variations  from  the 
ideal  case  are  discussed,  and  it  is  thought  that  the  possibility  of 
deriving  more  exact  formulffl  than  Sait6's  is  very  remote. 

Examples  are  worked  out  for  circular  and  square  ingots  of  the 
same  cross-sectional  area  cast  into  moulds  of  four  different  thick- 
nesses. Curves  are  drawn  showing  the  temperature  at  different 
points  in  the  ingot  and  moulds,  the  temperature  distribution  across 
a  diameter  and  the  total  quantities  of  heat  in  the  ingot  and  mould 
at  different  times.  Curves  are  also  drawn  to  show  the  effect  of 
"  mould  ratio  '*  on  the  temperature  cycle  occurring  in  the  ingot  near 
to  the  mould  wall  and  on  the  time  taken  for  the  temperature  at  the 
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centre  of  an  ingot  to  fall  certain  amounts  representing  solidification. 
The  latter  show  that  solidification  is  accelerated  by  increasing  the 
mould  thickness  until  the  mould  ratio  is  about  0*8-1-0,  but  that 
a  further  increase  in  the  mould  thickness  has  an  inappreciable  effect. 
Four  sets  of  experimental  results  on  the  measurement  of  mould 
temperature  are  examined,  and  they  show  that  the  greatest  differ- 
ence between  theory  and  practice  is  found  at  positions  in  the  mould 
near  to  the  inner  face.  This  is  attributed  to  the  effect  of  the  air- 
gap  forming  between  the  ingot  and  the  mould. 
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(Continued  from  pp.  10  a-11  a) 

Calibration  Which  Takes  into  Acoonnt  Elastic  DelormatioDS  and 
Their  Experimental  Investigation.  Yu.  M.  Faynberg.  (Metallurg, 
1939,  No.  10-11,  pp.  141-148).  (In  Russian).  The  author  studies 
methods  of  determining  the  elastic  deformation  of  rolls.  He 
points  out  the  need  for  taking  into  account  all  elastic  deformations 
when  setting  the  roll  opening,  the  accuracy  of  which,  particularly 
in  continuous  rolling,  is  of  considerable  importance.  In  view  of  the 
difficulty  of  accounting  for  all  the  elastic  deformations  of  the  rolls 
and  stand  by  calculation,  and  in  order  to  avoid  the  tediousness 
of  accounting  for  them  by  trial-and-error  methods,  the  author  has 
developed  a  method  for  indirectly  measuring  these  deformations  by 
recording  oscillographically  the  variations  in  the  power  require- 
ments of  the  screw-down  motors  as  the  rolls  are  pressed  down  on 
to  one  another.  Allowances  are  made  for  the  power  losses  in  the 
screw-down  mechanism  and  for  the  press\u*e  of  the  metal  on  the 
rolls  in  actual  rolling. 

The  Use  of  Super-Redactions  in  Rolling.  S.  A.  Kushakevich. 
(Metallurg,  1939,  No.  10-11,  pp.  123-140).  (In  Russian).  Super- 
reductions  in  rolling  are  defined  as  reductions  per  pass  which,  by 
the  method  of  calculation  developed  by  Kirchberg,  involve  a 
coefficient  of  increase  in  length  greater  than  2,  i.e.,  a  reduction 
greater  than  60%.  The  old  theory  that  reductions  greater  than 
50%  will  lead  to  cracking  of  the  metal  is  shown  to  be  wrong,  as 
the  increase  in  length  of  the  metal  in  a  pass  is  shown  to  be 
the  result  of  triaxial  compression  rather  than  a  process  akin  to 
drawing.  The  author  goes  on  to  give  experimental  data  obtained 
in  the  rolling  of  several  steels  and  non-ferrous  alloys.  Super- 
reductions  in  the  hot-rolling  of  both  ingots  and  semi-rolled  materials 
wore  found  to  be  feasible  without  detriment  to  the  structure 
or  mechanical  properties.  In  conclusion,  the  author  considers 
mathematically  the  question  of  pressing  on  the  rolls,  the  gripping 
of  the  metal  by  the  rolls  when  rolling  with  super-reductions,  the 
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effect  of  this  method  of  rolling  on  the  output  capacity  of  rolling-mill 
units,  and  the  saving  in  fuel  costs  as  a  result  of  the  less  frequent 
reheating  required  because  of  the  reduced  heat  losses  during  rolling. 
An  increase  in  the  energy  consumption  is  the  one  serious  drawback 
to  the  process  of  rolling  with  super-reductions. 

The  Ratio  of  the  Diameters  of  the  Bolls  of  the  Three-High  Lanth 
MilL  B.  Gordenberg.  (Stal,  1939,  No.  10-11,  pp.  62-63).  (In 
Russian).  After  various  tests  with  a  three-high  Lauth  mill  the 
author  concludes  that  the  optimum  ratio  of  the  diameter  of  the  top 
and  bottom  rolls  to  that  of  the  centre  roll  is  0*65. 

Continiious  260-mm.  Wire  Mill  oi  ttie  Kirov  Works.  A.  Nov- 
gorodtsev  and  N.  Rymkevich.  (Stal,  1939,  No.  10-11,  pp.  38-45). 
(In  Russian).  A  detailed  and  illustrated  description  is  given  of  the 
Morgan  continuous  wire  rod  mill  and  accessory  equipment  installed 
recently  at  the  Kirov  works  in  the  U.S.S.R.  The  plant  is  designed 
for  the  rolling  of  wire  5  to  8  mm.  in  dia.  from  billets  measuring 
9140  X  64  X  54  mm.,  weighing  206  kg.  A  Morgan  pusher-type  pre- 
heating furnace  fired  with  a  mixture  of  blast-furnace  and  coke-oven 
gas  with  a  capacity  of  60  tons  per  hr.  is  employed.  The  mill  has  a 
total  of  nineteen  stands  in  four  groups.  A  table  showing  the  rolling 
schedule  and  the  speeds  of  rotation  of  the  rolls  is  given.  With 
a  useful  working  time  of  6940  hr.  per  year  the  annual  output  is 
planned  to  amount  to  220,000  tons. 

Specialisation  of  Rolling  Mills  in  the  U.S.S.B.  and  New  Boiled 
Sections.  V.  Volobnev.  (Stal,  1939,  No.  10-11,  pp.  30-37).  (In 
Russian).  The  author  discusses  the  demand  in  the  U.S.S.R.  for 
rolled-steel  sections  of  special  shape.  He  points  out  the  need  for 
special  shapes  in  different  industries,  a  need  which  should  be 
satisfied  as  far  as  possible  without  any  duplication.  Enquiries 
addressed  to  thirty-one  consumer  organisations  brought  replies 
regarding  the  shapes  of  sections  required.  They  included  a  number 
of  new  shapes  for  railway  construction,  railway  roUing  stock, 
automobile  and  tractor  construction,  machine  tools,  architectural 
uses,  mining  and  chemical  plant  construction,  electrical  and  power 
engineering  and  for  miscellaneous  purposes.  Some  special  features, 
and  the  production  and  advantages  in  the  application  of  some  of 
these  sections,  are  discussed  and  illustrated. 

Boiling  of  Plates  of  DS  Steel  at  the  Petrovskiy  Works.    M. 

Galemin  and  A.  Nazarenko.  (Stal,  1939,  No.  10-11,  pp.  46-49). 
(In  Russian).  The  authors  investigated  the  effects  of  preheating, 
of  changes  in  the  rolling  schedule  and  of  different  rates  of  cooling 
on  the  properties  of  20-mm.  thick  steel  plates  rolled  at  the  Petrovskiy 
Works  in  the  U.S.S.R.  The  composition  of  the  steel  used  was  carbon 
0-17-0-21%,  manganese  0-71-0-84%,  silicon  0-25-0-40%,  chromium 
0-60-0-60%,  copper  0-5a-0-60%,  sulphur  and  phosphorus  each  0-04% 
max.  The  plates  were  rolled  from  slabs  measuring  1600  X  1200  x 
200  mm.  In  order  to  produce  the  optimum  mechanical  properties 
it  was  found  that  rolling  should  be  commenced  and  finished  at  tem- 
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peratures  of  1100-1160°  C.  and  830-870°  C,  respectively,  and  that 
the  plates  should  be  cooled  rapidly  from  the  latter  temperature  to 
400-450°  C.  It  was  also  found  necessary  to  increase  the  manganese 
content  to  0-85-1 -20%  in  order  to  bring  the  steel  up  to  the  following 
specification  :  Tensile  strength  52-62  kg.  per  sq.  mm.,  yield  point 
36  kg.  per  sq.  mm.  and  18%  elongation  in  the  direction  of  rolling. 

Experimental  Boiling  of  Sheet  bom  Large  Stainless-Steel  Ingcik 
D.  Gurevich  and  S.  Belorusov.  (Stal,  1939,  No.  10-11,  pp.  49-52). 
(In  Russian).  The  authors  report  on  an  investigation  of  the 
possibility  of  rolling  sheets  from  10-ton  ingots  of  stainless  steel. 
Two  ingots  of  18/8  stainless  steel  were  prepared  from  two  heats. 
Their  weights  were  9-5  and  10-3  tons,  respectively.  The  ingots  were 
first  rolled  into  slabs  and  then  down  to  sheet  in  a  continuous  sheet 
mill.  Details  are  given  regarding  the  surface  state  of  the  ingots, 
their  preheating,  and  of  the  rolling  in  the  slab  and  sheet  mills.  An 
examination  of  the  macrostructure  of  the  slabs  was  made.  Chemical 
analysis  of  the  slabs  showed  that  segregation  in  the  10-ton  stainless- 
steel  ingots  was  negligible.  It  is  concluded  that  the  roUing  of  10-ton 
ingots  into  sheet  is  feasible.  Such  ingots  should  be  heated  to 
1170-1180°  C.  for  rolling  into  slabs.  The  temperature  at  the  end 
of  the  slab-rolling  process  should  not  be  lower  than  900°  C.  The 
slabs  should  be  heated  to  1200-1230°  C.  for  rolling  into  sheet. 

Cold  Tabe-BoUing  Mills  of  the  Bockwright  1^.  A.  Grebeni- 
chenko.  (Stal,  1939,  No.  10-11,  pp.  58-61).  (In  Russian).  The 
author  discusses  the  design  of  Rockwright  mills  for  cold-rolling 
tubes,  drawing  attention  to  some  unsatisfactory  features  and 
pointing  out  the  differences  between  the  American  and  the  modified 
Russian  types. 

Welding  Tubes.  G.  Kentis,  jun.  (Steel,  1940,  vol.  107,  Oct.  7, 
pp.  64-68,  77).  The  author  describes  a  modern  tube  mill  in  which 
the  skelp,  after  going  through  the  shaping  rolls,  passes  under  shaped 
electrodes  so  that  the  seam  is  welded  by  the  electric  resistance  process. 
Standard  mills  of  this  type  are  now  available  in  five  sizes  for  the 
production  of  steel  tubes  from  J  in.  in  outside  dia.  with  0*02-in.  walls 
to  5  in.  in  dia.  with  0-209-in.  walls  from  hot-  or  cold-rolled  strip. 
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Heat  Treatment — Oas  Carbmising.  D.  McPherson.  (Machine 
Shop  Magazine,  1940,  vol.  1,  Oct.,  pp.  84-86).  The  author  dis- 
cusses the  action  of  carbon  monoxide  and  of  hydrocarbon  gases  in 
gas-carburisation  practice  with  particular  reference  to  the  suitability 
of  methane.  He  also  offers  some  general  conclusions  which  have 
become  evident  from  his  observations  of  gas-carburising  practice. 
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These  are  :  (1)  Unless  the  carbunsing  gases  are  thoroughly  mixed 
and  uniformly  distributed  in  the  furnace  or  muffle,  control  over 
carburisation  is  impossible ;  (2)  the  carbon  formed  by  the 
breakdown  of  the  carburising  gas  must  be  atomic  carbon  and  the 
subsequent  formation  of  molecular  carbon  must  be  prevented ;  and 

(3)  it  is  necessary  to  be  able  to  control  the  temperature  of  the  muffle 
within  close  limits,  which  must  be  determined  for  each  particular 
plant  and  gas  mixture. 

Factors  AffectiDg  the  Activity  of  Carbuiiziiig  Compounds.  M. 
Sutton  and  R.  A.  Ragatz.  (American  Society  for  Metals,  Oct., 
1940,  Preprint  No.  4).  The  authors  report  on  an  investigation  of 
the  factors  affecting  the  energising  action  of  the  carbonates  of 
barium,  calcium  and  sodium  when  mixed  with  charcoal  for  the 
carburising  of  steel.  The  influence  of  temperature  and  of  the 
proportion  of  the  carbonate  in  the  mixture  were  the  principal 
factors  studied.  From  the  data  obtained  the  authors  came  to  the 
following  conclusions :  (1)  Calcium  carbonate  is  quite  inert  as  an 
energiser  with  hardwood  charcoal ;  (2)  both  sodium  and  barium 
carbonates  are  powerful  energisers  and  give  results  of  the  same 
order  of  magnitude ;  the  former  appears  to  have  a  slightly  greater 
effect  when  operating  at  the  high  temperatures  normally  used  in 
carburising,  and  it  is  of  interest  that  it  has  a  definite  energising  action 
at  such  low  temperatures  as  650°  and  700°  C,  whereas  barium 
carbonate  has  practically  no  effect  at  these  temperatures ;  and  (3) 
increasing  the  concentration  of  either  sodium  or  barium  carbonate 
above  5%  does  not  increase  the  energising  effect.  The  effect  of 
different  carbiuisation  temperatures  upon  the  depth  of  case  and  the 
amount  by  which  the  weight  of  the  specimens  was  increased  is 
shown  in  a  series  of  twenty  graphs.  The  authors  also  examined  the 
relative  carburising  effect  of  the  following  carbonaceous  materials, 
using  the  previously  named  carbonates  as  energisers  ;  (a)  Hardwood 
charcoal;  (6)  preheated  hardwood  charcoal;  (c)  charcoal  made 
from  pure  cane  sugar ;  (d)  graphite  ;  (e)  carbon  black ;  (/)  retort 
carbon;  and  (g)  metallurgical  coke.  Their  conclusions  were  as 
follows  :  (1)  Without  any  energiser,  the  three  charcoals  are  far 
superior  to  the  other  materials,  the  sugar  charcoal  possessing  the 
lowest  activity  of  the  three ;  (2)  calcium  carbonate  appears  to  be 
completely  inert  except  when  used  in  conjunction  with  metal- 
lurgical coke ;  in  this  case  it  is  extremely  effective,  although  not 
as  good  as  the  other  two  carbonates ;  (3)  sodium  carbonate  is  an 
extremely  effective  energiser  with  all  of  the  substances  tested; 

(4)  barium  carbonate  is  very  effective  except  with  retort  carbon ; 
in  most  instances,  barium  and  sodium  carbonates  produce  effects 
of  about  the  same  magnitude,  the  latter  being  usually  slightly 
superior,  but  with  metallurgical  coke  the  barium  carbonate  is  the 
better  of  the  two  ;  (6)  some  mixtures,  notably  sugar  charcoal  with 
sodium  or  barium  carbonate,  and  carbon  black  with  sodium  carbon- 
ate, closely  approach  the  activity  of  fresh  charcoal  energised  with 
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the  corresponding  carbonate ;  and  (6)  a  definite  correlation  exists 
between  the  precipitation  of  graphite  on  the  surfaces  of  the  steel 
specimens  and  the  degree  of  carburisation,  for  it  was  observed 
that  those  compounds  producing  a  high  degree  of  carburisation 
also  caused  the  precipitation  of  graphite  on  the  surfaces  of  the 
specimens. 

Surface  Saturation  of  Iron  and  its  Alloys  with  Boron.    I.  E. 

Kontorovich  and  M.  Ya.  L'vovskiy.  (Metallurgy  1939,  No.  10-11, 
pp.  89-98).  (In  Russian).  After  reviewing  earlier  work  on  the 
absorption  of  boron  by  steel,  the  authors  d^cuss  the  results  they 
obtained  by  saturating  the  surface  of  Armco  iron,  plain  carbon  steel 
and  several  low-  and  high-alloy  steels  by  heating  at  temperatures  of 
700-1000°  C.  for  various  periods  of  time.  The  microstructure  and 
thickness  of  the  diffusion  layer  were  studied  with  reference  to  the 
effect  of  the  alloy  additions,  and  X-ray  studies  were  also  made  of 
the  phases  present  at  different  depths.  The  latter  showed  the 
predominance  of  the  iron  boride  (Fe4B2)  compound.  The  extreme 
hardness  of  the  surface  layers  (1200-1450  Vickers-Brinell  units)  is 
ascribed  to  the  presence  of  this  compound.  The  depth  of  the 
layer  formed  depends  on  the  composition  of  the  steel  and  is  directly 
proportional  to  the  duration  and  temperature  of  the  treatment. 
Elements  which  raise  the  A3  point  markedly  reduce  the  thickness 
of  the  diffusion  layer.  Low-carbon  allo3rs  develop  their  maximum 
hardness  on  being  treated  with  boron.  The  surface  hardness  is 
retained  after  repeated  heating. 

Diffusion  and  its  Significance  in  the  Heat-Treatment  Shop.  F.  W. 
Hajrwood.  (Wild-Barfield  Heat-Treatment  Journal,  1940,  vol.  3, 
Mar.,  pp.  92-99).  The  author  discusses,  in  simple  language,  the 
mechanism  of  diffusion  in  solids,  and  he  emphasises  its  importance 
in  carburising  processes,  considering  separately  the  phenomena 
involved  when  applying  solid,  liquid  and  gaseous  carburisers. 

Surface  Reactions  and  Diffusion.  J.  E.  Dorn,  J.  T.  Gier,  L.  M.  K. 
Boelter  and  N.  F.  Ward.  (American  Society  for  Metals,  Oct.,  1940, 
Preprint  No.  47).  The  authors  have  developed  an  equation  relating 
the  rate  of  the  surface  reaction  during  case-hardening  treatment  to 
the  depth  of  the  case.  The  equation  is  limited  to  linear  diffusion 
where  only  two  phases  are  present,  viz.,  the  solid  and  either  the 
gaseous  or  liquid  phases  ;  the  formation  of  a  second  solid  phase  and 
its  influence  on  the  diffusion  are  not  taken  into  consideration.  The 
equation  is  applicable  to  nitriding  and  denitriding  with  cracked 
ammonia.  No  corresponding  equation  could  be  developed  for  the 
carburising  process,  as  the  experimental  data  for  this  process  are 
too  involved. 

Heat  Treating  with  Induction  Heat.  E.  Blasko.  (American 
Society  for  Metals,  Oct.,  1940,  Preprint  No.  48).  The  author 
reviews  the  development  by  the  Ford  Motor  Co.  of  induction 
heating  for  heat-treatment  operations,  using  1920-,  960-  and  60-cycle 
currents.    He  points  out  that  originally  the  surface-heating  proper- 
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ties  of  induction  heating  were  over-emphasised.  The  possibility  of 
heating  parts  in  their  full  cross-section  instead  of  only  at  the  surface 
opened  a  wide  field  for  both  high-  and  low-frequency  induction 
heating.  Generators  of  lower  frequency  and  smaller  size  could  be 
used,  so  that  the  installation  costs  became  smaller  than  those  for 
surface  heating.  In  addition,  parts  heated  in  their  full  cross-section 
proved  to  have  better  mechanical  properties. 

Inherent  Characteristics  of  Indaction  Hardening,  M.  A.  Tran 
and  H.  B.  Osbom,  jun.  (American  Society  for  Metals,  Oct.,  1940, 
Preprint  No.  49).  The  authors  enumerate  the  inherent  characteristics 
of  induction  hardening  as  follows  :  (1)  The  unusual  speed  with 
which  carbide  solution  takes  place ;  (2)  the  intensity  of  this  diffusion; 
(3)  the  very  fine  and  homogeneous  martensite  produced ;  and  (4) 
the  resulting  exceptionally  high  hardness.  They  report  on  their 
experimental  study  of  induction  hardening  undertaken  for  the 
purpose  of  establishing  plausible  explanations  for  these  inherent 
characteristics  of  the  process.  The  investigation,  which  was 
carried  out  with  an  S.A.E.  1050  fine-grained  steel  and  involved 
hardness  tests  and  metallographic  examination,  led  to  the  following 
conclusions :  (a)  Complete  carbide  solution  can  be  accomplished 
by  induction  heating  in  as  short  a  time  as  0-2  sec.  (6)  Carbide 
diffusion  in  a  pearlitic  structure  becomes  essentially  complete  within 
the  grain  before  any  appreciable  diffusion  into  the  ferrite  boundaries 
is  diijscemible.  (c)  Induction  heating  produces  finer,  more  homo- 
geneous and  more  highly  dispersed  austenite  than  other  methods  of 
heating,  resulting  in  a  quenched  martensite  which  possesses  the 
same  characteristics,  (d)  Owing  to  the  great  fineness  and  homo* 
geneity  of  the  austenite,  a  specimen  of  steel  heated  by  induction 
will  have  a  low  critical  cooling  rate,  and  this  may  be  the  reason  for 
the  increased  depth  of  the  quenching  effect  in  sections  heated  by 
induction,  (e)  The  rapid  carbide  diffusion  may  be  due  to  the 
existence,  in  certain  of  the  micro-constituents,  of  temperatures 
which  are  not  measurable  but  are  presumably  considerably  higher 
than  the  observed  average  temperature. 

Nitrided  Stainless  Stec£i.  H.  Drever.  (Metals  and  Alloys,  1940, 
vol.  12,  Sept.,  pp.  271-273).  The  author  describes  an  improved 
nitriding  process  for  the  case-hardening  of  stainless  steel.  The  parts 
to  be  treated  by  this  process  are  placed  in  the  muffle  of  a  furnace 
which  is  kept  at  1000-1100°  F.  The  furnace  atmosphere  is  derived 
from  dry  ammonia  and  it  is  used  in  two  states.  In  the  first 
stage  of  the  process  the  ammonia  is  dissociated,  and,  after  purifica- 
tion and  activation,  it  is  passed  into  the  muffle  so  as  to  purge  all  the 
air  out  of  it.  In  the  second  stage,  the  ammonia  is  ionised  by  a 
silent  electrical  discharge  before  it  enters  the  nitriding  chamber, 
where  some  of  the  nascent  nitrogen  is  absorbed  by  the  charge  in 
the  furnace ;  the  hydrogen  passes  out  of  the  muffle  together  with 
the  balance  of  the  nitrogen  and  some  undissociated  gas.  Tests  have 
shown  that  an  extremely  hard  case  can  be  obtained  by  this  process. 
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The  corrosion  resistance  of  stainless  steel  is,  however,  slightly  im- 
paired by  nitriding  and  the  material  is  not  recommended  for  use  in 
contact  with  heavy  acids  such  as  nitric  acid.  Its  resistance  to 
corrosion  by  steam  at  high  pressure,  by  petrol,  parafiSn,  fuel  oil 
and  tap  water  remains  unchanged.  Salt-spray  and  long-time  im- 
mersion tests  are  being  carried  out,  the  results  of  which  are  not  yet 
available. 

Furnace  Atmosphere  Generation.  S.  Tour.  (American  Society 
for  Metals,  Oct.,  1940,  Preprint  No.  6).  The  author  discusses  the 
factors  affecting  the  composition  and  properties  of  the  products  of 
combustion  in  the  preparation  of  atmospheres  for  heat-treatment 
furnaces.  He  finds  that  in  burning  rich  mixtures  of  fuel  gas  and 
air,  the  composition  of  the  products  of  combusion  for  a  given  gas/air 
ratio  are  dependent  upon  the  temperat\u*e  of  the  combustion 
chamber.  Heavy  deposits  of  soot  occur  at  low  combustion-chamber 
temperatures,  and  the  gaseous  products  are  low  in  hydrogen  and 
carbon  monoxide  and  high  in  water  vapour  and  volatile  hydrocarbons. 
At  high  temperatures  coke  is  deposited  and  the  gaseous  products 
are  high  in  hydrogen  and  carbon  monoxide  and  low  in  water  vapour. 
In  practice,  an  intermediate  range  of  1600-1900°  F.  may  be  used, 
where  difficulties  due  to  heavy  soot  or  coke  deposits  do  not  develop ; 
this  range  is  wide  enough  to  allow  for  a  considerable  variation  in  the 
gaseous  products  of  combustion. 

Wat^  Vapor  in  Fomaoe  Atmospheres.  S.  Tour.  (American 
Society  for  Metals,  Oct.,  1940,  Preprint  No.  8).  The  author  dis- 
cusses the  composition  of  atmospheres  for  heat-treatment  fiunaoes, 
their  preparation  from  the  products  of  combustion  and  methods  of 
determining  the  water- vapour  content.  He  points  out  that  standard 
methods  of  gas  analysis  when  applied  to  furnace  atmospheres  give 
the  composition  of  the  mixture  as  cooled  to  room  temperature. 
During  this  cooling  the  surplus  water  vapour  is  condensed  to 
water,  leaving  the  remaining  gases  in  the  saturated  state  at  the 
temperat\u*e  of  the  analysis.  Assuming  that  no  other  gas  reactions 
have  taken  place  during  the  cooling,  the  water- vapour  content  can 
be  recalculated  so  as  to  allow  for  this  loss  of  water,  provided  that  the 
original  amount  of  water  is  known.  He  gives  some  examples  of 
the  calculation  of  the  total  water- vapour  content  for  certain  simple 
fuel  gases  and  known  air/gas  ratios.  The  results  show  that,  in 
some  cases,  the  actual  water-vapour  content  in  the  products  of 
combustion  of  rich  mixtures  of  gas  and  air  as  used  for  the  atmospheres 
of  heat-treatment  furnaces  may  be  as  high  as  18%.  By  cooling  to 
remove  the  water  and  then  reheating,  the  composition  of  the  atmo- 
sphere may  be  changed,  for  the  effect  of  this  is  to  reduce  the  residual 
hydrogen  and  carbon  dioxide  and  to  increase  the  residual  carbon 
monoxide.  It  is  thus  evident  that  the  dehydration,  reheating  and 
recirculation  through  the  furnace  of  the  gaseous  products  of  the 
combustion  of  rich  mixtures  of  fuel  gas  and  air  provide  a  means  of 
controlling  the  carburising  or  decarburising  power  of  the  atmosphere. 
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A  Balanced  Protective  Atmoophere— Its  Prodaction  and  ControL 

J.  R.  Gier.  (American  Society  for  Metals,  Oct.,  1940,  Preprint  No. 
5).  The  author  describes  the  production  on  a  laboratory  scale  of  a 
balanced  protective  atmosphere  for  the  heat  treatment  of  steel,  and 
a  device  by  which  the  carburising  power  of  such  an  atmosphere  can 
be  measured.  The  protective  atmosphere  is  produced  from  a 
mixture  of  natural  gas  and  air,  and  it  is  known  as  ''  endogas  " 
because  it  is  formed  by  an  endothermic  reaction  between  the  hydro- 
carbons and  the  air  in  the  presence  of  an  electrically  heated  catalyst. 
The  important  feat\u*e  of  the  method  of  production  is  that,  by 
varying  the  air /gas  ratio  of  the  feed  to  the  generator,  the  carburising 
power  of  the  atmosphere  can  be  adjusted  to  balance  the  carbon 
press\u*e  of  any  steel.  The  device  for  measuring  the  carburising 
capacity  of  the  atmosphere  is  known  as  a  hot-wire  carbon  gauge. 
In  principle,  it  involves  the  heating  of  a  thin  steel  wire  in  the  test 
gas  until  a  carbon  equiUbrium  is  established  between  the  gas  and 
the  wire ;  this  requires  only  a  few  minutes,  after  which  the  wire  is 
rapidly  cooled  to  retain  its  carbon  in  solid  solution  as  martensite. 
The  electrical  resistance  and  certain  other  physical  properties  of 
the  wire  after  this  treatment  under  standardised  conditions  can  then 
be  used  as  a  measure  of  the  carbon  content  of  the  wire,  which,  in 
turn,  measures  the  carburising  power  of  the  gas. 

Dimensional  Changes  on  BEtfdening  High  Chromium  Tool  Steels. 
H.  Scott  and  T.  H.  Gray.  (American  Society  for  Metals,  Oct., 
1940,  Preprint  No.  7).  The  authors  report  on  an  investigation  of 
the  factors  which  affect  the  changes  in  the  dimensions  of  tool  steels 
during  hardening.  The  factors  they  examined  were  :  (1)  Segrega- 
tion in  the  steel  used ;  (2)  incomplete  hardening,  particularly  at  the 
surfaces ;  (3)  distortion  of  the  specimen  in  the  furnace  under  its  own 
weight ;  (4)  loss  of  metal  by  scaling ;  (5)  release  of  stresses  resulting 
from  previous  heat  treatment ;  (6)  changes  in  the  rate  of  heating ; 
(7)  changes  in  the  rate  of  quenching ;  (8)  inherent  increase  in  the 
specific  volume  of  the  specimen  on  hardening  by  quenching ;  (9) 
directional  effects  of  the  change  in  volume  referred  to  in  (8) ;  and 
(10)  decrease  in  the  specific  volume  of  hardened  steel  on  tempering  to 
a  lower  hardness.  From  the  results  of  their  tests,  the  authors  came 
to  the  following  conclusions :  (a)  The  change  of  dimension  due  to  (5) 
is  negligible  in  tools  machined  from  annealeid  bars  that  have  not  been 
deformed  cold  except  by  normal  cutting  operations ;  (6)  preheating 
is  unnecessary  to  control  dimensional  changes,  even  when  the  tool 
is  of  rather  complicated  shape ;  (c)  distortion  due  to  (7)  can  be 
effectively  eliminated  by  using  a  gas  as  the  quenching  medium ; 
{d)  when  tools  are  hardened  all  over  to  a  hardness  not  less  than 
Rockwell  64,  an  increase  in  volume  takes  place  which  may  amount 
to  0-7%  of  the  volume  in  the  annealed  state ;  (e)  the  volume  incre- 
ment resulting  from  hardening  diminishes  rapidly  with  increasing 
chromium  content,  being  only  0-1%  in  an  11%  chromium  steel; 
(/)  the  expansion  on  hardening  a  steel  containing  1%  of  carbon  and 
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5%  of  chromium  is  the  same  in  all  direotions,  amounting  to 
approximately  0-001  in.  per  inch ;  (g)  on  hardening  a  steel 
containing  1-5%  of  carbon  and  11%  of  chromium,  practically  all 
the  movement  is  in  the  direction  of  extension  during  hot-working 
and  is  equal  to  that  of  a  5%-chromium  steel ;  (h)  the  size  and  shape 
of  the  test-piece  or  bar  stock  from  which  specimens  are  cut  has  no 
substantial  effect  on  the  dimensional  changes;  and  (t)  with  the 
kinds  of  steel  and  the  hardening  practice  adopted  by  the  authors 
the  changes  in  dimensions  are  predictable,  even  for  complicated  dies. 

Distortion  in  the  Heat  Treating  of  Heehanite  HetaL  T.E.Eagan. 
(Foundry  Trade  Journal,  1940,  vol.  63,  Oct.  31,  pp.  281-282).  The 
author's  paper  on  the  limitation  of  the  distortion  which  occurs  in 
the  heat  treatment  of  Meehanite  is  reproduced.  This  appeared 
previously  in  Heat  Treating  and  Forging,  1940,  vol.  26,  May,  pp. 
226-229  (see  Joum.  I.  and  S.I.,  1940,  No.  II.,  p.  184  a). 

Hardening  Charaeteristies  of  Various  Shapes.  M.  Asimow  and 
M.  A.  Grossmann.  (American  Society  for  Metals,  Oct.,  1940, 
Preprint  No.  32).  The  authors  have  previously  suggested  a  method 
of  determining  the  severity  of  quenching  of  round  bars  which  also 
served  as  a  criterion  of  hardenability  {see  Joum.  I.  and  S.I.,  1940, 
No.  II.,  p.  61  a).  In  the  present  paper  they  report  on  the  application 
of  their  method  to  shapes  other  than  rounds.  They  developed  a 
series  of  charts  for  flat  plates  which  is  entirely  analogous  to  that 
previously  set  up  for  rounds,  and  the  calculated  values  were  found 
to  be  in  close  agreement  with  experimental  data.  The  authors  also 
propose  an  approximation  for  irregular  shapes  which  do  not  permit 
of  precise  calculation.  In  this  approximate  method  each  point  of 
the  irregular  shape  is  considered  to  behave  like  a  corresponding 
point  in  a  round  bar  of  equivalent  diameter. 

Effects  of  Small  Amounts  ot  Alloying  Elements  on  the  Tempering 
ot  Pore  Hsrperentectoid  Steels.  C.  R.  Austm  and  B.  S.  Norris. 
(American  Society  for  Metals,  Oct.,  1940,  Preprint  No.  36).  The 
authors  studied  the  softening  characteristics  of  1*1%  carbon  steels, 
made  from  electroljrtic  iron  melted  under  hydrogen  in  an  induction 
furnace  and  containing  0-5%  or  less  of  one  of  the  following  elements  : 
Manganese,  silicon,  nickel,  chromium,  copper,  aluminium,  sulphur, 
phosphorus  and  tin.  The  steels  were  hardened  and  subsequently 
tempered  for  periods  ranging  from  30  min.  to  125  hr.  at  five  different 
temperatures,  viz.,  550°,  690°,  630°,  670°  and  710°  C,  and  the  effect  of 
the  heat  treatment  was  investigated  by  hardness  determinations  and 
micrographic  studies.  The  authors  found  that  a  linear  relationship 
exists  between  the  Rockwell  B  or  Brinell  hardness  and  the 
logarithm  of  the  tempering  time,  so  long  as  graphitisation  does  not 
occur.  Heavy  graphitisation  occurred,  however,  in  some  of  the 
aluminium  steels  when  tempered  at  550°,  590°  and  630°  C.  After 
a  tempering  period  of  1  hr.,  at  any  of  the  temperatures  studied, 
hardness  values  from  10  to  30  Brinell  units  greater  than  those  for  plain 
carbon  steel  were  obtained  with  alloys  containing  approximately 
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0*5%  of  manganese,  silicon,  aluminium  or  copper.  For  chromium 
the  values  were  70-100  units  higher,  whereas  nickel  had  little  effect. 
The  influence  of  chromium  was  noteworthy  even  in  amounts  of 
0-07-0-08%.  The  addition  in  such  small  amounts  of  the  other 
elements  studied  had  hardly  any  effect.  In  order  to  demonstrate 
the  effectiveness  of  the  various  alloying  elements  on  the  resistance 
to  softening,  the  authors  present  curves  which  show  the  variations 
in  the  time  rate  of  softening  as  a  function  of  the  hardness  of  the 
steel  tempered  at  710°  C.  They  also  derived  data  to  permit  the 
presentation  of  curves  illustrating  the  effect  of  temperature  on 
the  variation  in  softening  rate,  with  change  in  hardness,  of  both  the 
chromium  and  nickel  alloy  steels  containing  approximately  0*5% 
of  these  elements.  At  all  temperatures  investigated  the  relative 
rate  of  softening  at  any  selected  Brinell  hardness  was  very  much 
greater  for  the  nickel  than  for  the  chromium  steel. 
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(Continued  from  pp.  16  A-18  a)  ] 

Arc  Welding  Chrome-Vanadiiim  Steel.  I.  Z.  Kagan.  (Welding 
Industry,  1940,  vol.  8,  Nov.,  pp.  276-277).  The  author  reports  on  a 
comparative  investigation  of  the  merits  of  electric  welding  steel 
containing  carbon  0'15-0'25%,  chromium  0-80-l'10%  and  vanadium 
0*15%,  using  electrodes  of  low-carbon  steel  and  electrodes  of  steel 
similar  to  the  parent  metal  coated  with  an  ilmenite-base  flux  con- 
taining additions  of  ferro-chromium  and  ferro-vanadium.  The 
results  showed  that  welds  of  very  high  quality  could  be  made  with 
the  latter  electrodes,  and  that  the  arc-welding  process  could  be 
satisfactorily  employed  for  the  fabrication  of  internal  parts  of 
plant  for  the  production  of  synthetic  ammonia. 

The  Butt  Welding  of  Steel  Tubes  and  Pipes.  H.  Harris,  J.  E. 
Jones  and  A.  L.  Skinner.  (Transactions  of  the  Institute  of  Welding, 
1940,  vol.  3,  July,  pp.  116-156).  The  authors  present  a  report  on 
an  extensive  investigation  of  the  general  problem  of  the  butt  welding 
of  steel  tubes  and  pipes.  The  defects  found  and  reported  are  those 
which,  in  their  magnitude  and  frequency  of  occurrence,  are  peculiar 
to  the  butt  welding  of  pipes  if  adequate  precautions  are  not  taken ; 
such  defects  as  slag  inclusions  and  lack  of  penetration  are  not 
dealt  with.  In  the  first  part  of  their  investigation,  the  authors 
examine  the  properties  of  joints  made  by  different  techniques,  using 
different  shapes  of  steel  backing  rings  and  no  backing  ring.  The 
technique  of  welding  with  no  backing  ring  was  developed  because  of 
troubles  experienced  with  the  welding  of  thick-walled  tubes  of  steel 
containing  carbon  0- 20-0- 27%  and  molybdenum  0-5%.  In  this 
method  the  first  run  is  deposited  by  autogenous  welding  and  the 
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remaining  runs  by  the  metallic-arc  process ;  a  special  type  of  V-notch 
preparation  is  required  and  the  minimum  depth  of  the  first  run 
should  be  about  |  in.  The  results  of  a  large  number  of  tests  have 
proved  that,  by  proper  appreciation  of  the  factors  involved,  welds 
of  a  very  high  quality  can  be  made  without  the  necessity  of  using 
a  backing  ring  and  without  any  special  preheating.  The  authors 
also  point  out  that  the  reverse  bend  test  is  not  entirely  a  test  of  the 
soundness  of  the  weld,  for  in  many  cases  reflects  unduly  the 
directional  properties  of  the  pipe  material.  In  the  next  part,  the 
authors  discuss  at  length  the  factors  influencing  the  formation  of 
cracks  in  the  base  of  welds,  dealing  in  turn  with  the  electrode,  the  con- 
tour of  the  surfaces  to  be  welded,  the  temperature  of  the  pipes  being 
welded,  the  proficiency  of  the  welder  and  the  metallurgical  character 
of  the  pipe  steel.  The  authors  then  consider  the  necessity  and 
methods  of  preheating,  stress-relieving  and  normalising.  In  con- 
clusion the  diflerent  methods  of  examining  butt  welds  in  pipes  are 
dealt  with.  The  authors  do  not  recommend  X-ray  testing  for  pipe 
joints  but  consider  macro-etching  to  be  the  most  informative 
method.  Over  170  illustrations  of  joints  and  test-pieces  accompany 
the  report. 

Temperature  Distribution  and  Shrinkage  Stresses  in  Arc  Welding. 
D.  Rosenthal  and  J.  Zabrs.  (Welding  Journal,  1940,  vol.  19,  Sept., 
pp.  323-S-331-S).  The  authors  report  on  their  investigation  of  the 
relationship  which  exists  in  arc  welding  between  shrinkage  stresses 
and  temperature  distribution.  A  bead  of  weld  metal  was  deposited 
along  the  edge  of  each  of  the  specially  prepared  specimens  of  0*47-in. 
steel  plate  in  such  a  manner  that  the  quantity  of  heat  supplied  to  the 
plate  per  unit  of  time  and  the  speed  of  advance  of  the  electrode  were 
kept  constant.  The  distortion  of  the  plate  at  diflierent  distances  from 
the  weld  was  measured  by  three  different  methods  and  the  shrinkage 
stresses  were  calculated  from  these  measurements.  It  was 
established  that  two  zones  were  created,  one  of  plastic  deformation 
near  the  weld,  and  one  of  elastic  deformation  farther  away.  The 
authors  conclude  that  the  relation  between  the  heat  input  to  the 
weld  and  the  maximum  stress  in  each  of  these  two  zones  is  as 
follows  :  (1)  Within  the  limits  of  the  experiments,  the  maximum 
stress  in  the  elastic  zone  increases  in  almost  direct  proportion  with  the 
increase  in  the  power  of  the  arc  measured  in  watts  ;  (2)  increasing 
the  speed  of  advance  of  the  electrode  has  the  opposite  effect,  but 
it  is  very  slight ;  (3)  the  maximum  stress  in  the  plastic  zone  depends 
very  little,  if  at  all,  on  the  temperature  distribution ;  and  (4)  for 
the  type  of  welding  discussed,  a  low  rate  of  heat  input  is  in  every 
respect  preferable  to  a  high  rate  of  heat  input. 
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Crankshaft  C!oii8traction  at  Australian  Iron  &  Steel  Ltd.,  KemUa 
Works.  J.  B.  Robinson.  (B.H.P.  Review,  1940,  vol.  17,  June, 
p.  18).  The  author  describes  the  machine-shop  technique  employed 
at  the  Kembla  Works  of  Australian  Iron  and  Steel,  Ltd.,  in  the 
production  of  large  crankshafts  built  up  of  forged  steel  webs,  crank- 
pins  and  journals.  The  crankshafts  produced  are  up  to  25  ft.  long 
with  21 -in.  dia.  journals  and  a  total  weight  of  30  tons. 

Machining  With  Single  Point  Tools.  M.  Kronenberg.  (Trans- 
actions of  the  American  Society  for  Metals,  1940,  vol.  28,  Sept., 
pp.  726-742).  One  of  the  most  important  conclusions  drawn  from 
recent  metal-cutting  research  is  that  two  main  relationships 
exist  between  the  dimensions  of  the  chip  and  the  cutting  speed. 
One  of  these  is  based  on  the  life  of  the  tool  and  the  other  on  the 
capacity  of  the  machine.  The  author  discusses  these  relationships 
and  presents  tables  of  data  and  graphs  with  the  aid  of  which  cutting 
speeds  and  forces  for  various  materials  and  tools  can  be  calculated 
using  simple  formulae. 

(Slip  Formation,  Friction  and  High  Qoality  Machined  Stuiaces. 
H.  Ernst  and  M.  E.  Merchant.  (American  Society  for  Metals,  Oct., 
1940,  Preprint  No.  53).  The  authors  point  out  that  the  coefficient 
of  friction  between  chip  and  cutting  tool  is  usually  very  high,  and 
that  this  is  responsible  for  the  formation  of  the  so-called  built-up 
edge,  with  the  accompanying  roughness  of  the  finished  surface',  and, 
in  general,  for  the  inefficiency  of  all  present-day  metal-cutting 
processes.  They  report  on  their  mathematical  and  experimental 
study  of  the  friction  phenomena  involved  in  machining  operations, 
and  they  show  that  the  hardness  of  the  metal  surfaces  in  contact  and 
the  resistance  to  shear  at  the  areas  of  contact  are  factors  of  great 
influence.  The  resistance  to  shear  of  ordinary  dry  metal  surfaces  in 
contact  is  decreased  owing  to  the  presence  of  firmly  adsorbed 
surface  films  consisting  of  material  of  low  shear  strength.  This 
leads  to  the  conclusion  that  great  advances  in  the  field  of  metal 
cutting  could  be  made  after  the  development  of  cutting  fluids 
which  would  provide  and  maintain  material  of  low  shear  strength  at 
the  chip/tool  interface,  even  at  very  high  cutting  speeds.  They 
also  consider  the  further  development  of  free-cutting  steels,  the 
cutting  of  which  is  facilitated  owing  to  the  addition  of  substances, 
such  as  lead  and  sulphur,  capable  of  producing  films  of  low  shear 
strength. 
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(Continued  from  pp.  23  A-29  a) 

Investigation  of  the  Internal  Stresses  in  Cast-Iron  Rolling-Mill 
Bolls  in  Relation  to  the  Conditions  of  their  Use.  N.  Krupoik. 
(Stal,  1939,  No.  10-11,  pp.  63-^57).  (In  Russian).  The  author 
reports  on  an  investigation  of  the  internal  stresses  in  four  oast-iron 
rolls,  the  first  of  which  had  been  cast  in  the  usual  way,  the  second 
had  been  given  a  stress-relieving  anneal,  the  third  had  been  in  use 
in  a  rolling  mill,  and  the  fourth  had  been  used  under  special  con- 
ditions which  involved  internal  heating.  Disc-shaped  specimens, 
40  mm.  thick,  were  cut  from  the  central  portions  of  the  rolls  and 
subjected  to  microscopic  examination  and  chemical  analysis. 
Preliminary  experiments  also  showed  that  with  this  particular  iron, 
which  contained  carbon  3-26%,  silicon  0-7%  and  manganese  0-9%, 
the  annealing  treatment  should  not,  for  practical  purposes,  exceed 
3-^  hr.  at  600°  C,  in  order  to  avoid  graphitisation  of  the  pearlite. 
The  author  discusses  the  theory  of  Sachs'  method,  which  was  used 
to  measure  tangential  and  radial  stresses  in  the  specimens.  This 
involved  progressively  increasing  the  diameter  of  a  hole  in  the  disc 
and  measuring  the  change  in  its  external  diameter.  The  method 
of  measiu*ement  and  the  precautions  against  errors  due  to  tem- 
perature changes  are  described.  In  the  as-cast  condition,  the  speci- 
men was  found  to  have  tangential  stresses  greater  than  11  kg.  per 
sq.  mm.  and  radial  stresses  up  to  12  kg.  per  sq.  mm.  These  had 
been  reduced  in  the  annealed  specimen  to  6  and  5*6  kg.  per  sq.  mm. 
respectively.  Stresses  in  the  used  roll  were  found  to  be  slightly 
higher  than  those  in  the  as-cast  roll.  Internal  heating  of  the  fourtn 
roU  appeared  to  have  reduced  the  stresses  somewhat  and  altered  their 
distribution. 

Effect  of  Surface  Conditions  on  Fatigue  Properties.  0.  J.  Horger 
and  H.  R.  Neifert.  (American  Society  for  Metals,  Oct.,  1940,  Vte- 
print  No.  52).  The  authors  studied  the  influence  of  surface  con- 
dition om  the  fatigue  strength  of  steel.  They  tested  specimens  vary- 
ing from  1  to  11-5  in.  in  dia.  in  a  rotating  cantilever  beam  machine 
and  compared  the  results  with  those  obtained  with  specimens  0*3  in. 
in  dia.  in  a  Moore  rotating- beam  machine.  They  investigated  the 
effect  of  surface  finish,  as  produced  by  machining  operations,  for 
rough-turned,  smooth-turned,  polished  and  super-finished  surfaces. 
They  determined  the  roughness  of  the  surface  from  profilograph 
records  and  correlated  it  with  endurance  limit  values.  Some  of  the 
tests  were  made  on  specimens  with  stress  concentrations  produced  by 
a  press-fitted  wheel  as  a  stress  raiser.  Observations  were  also  made 
as  to  the  increase  in  the  formation  of  nitrides  on  the  surface  of 
specimens  after  fatigue  tests  in  the  region  of  the  fitted  wheel.    In 
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conclusion,  the  authors  report  on  some  tests  comparing  the  increase 
in  fatigue  strength  due  to  surface  finish  with  that  due  to  rolling, 
burnishing,  metal  spraying  and  flame-hardening. 

Chafing  Fatigue  Strength  of  Some  Metals  and  Alloys.  G.  Sachs 
and  P.  Stefan.  (American  Society  for  Metals,  Oct.,  1940,  Preprint 
No.  38).  The  authors  found  endiurance  tests  on  cylindrical  test  bars 
to  be  a  simple  method  for  determining  the  efifect  of  stress  raisers  on 
the  fatigue  strength.  They  point  out  that  there  are  three  types  of 
stress  raisers  known,  viz,,  notches,  corrosion  and  lateral  pressure 
connected  with  a  chafing  on  the  surface  of  parts  subjected  to 
vibrating  stresses.  They  report  on  their  study  of  the  e£fect  on  the 
fatigue  strength  of  the  last-named  type  of  stress  raiser,  which  is  met 
with  in  press  fits,  bearing  seats,  propeller  bosses  and  jaws.  They 
used  a  Farmer  rotating-beam  type  of  machine,  which  produced  a 
complete  reversal  of  stress  during  each  cycle  and  a  uniform  bending 
moment  on  the  specimen.  The  speed  of  testing  was  approximately 
3500  cycles  per  min.  The  grips,  described  at  some  length  in  the 
paper,  were  chosen  so  as  to  give  a  tight  chafing  press  fit.  In  the 
first  part  of  their  paper  the  authors  report  on  their  study  of  the 
effects  of  alloying,  heat  treatment  and  cold-work  on  the  chafing 
fatigue  strength  of  a  great  number  of  wrought  alloys.  In  the  second 
part,  which  is  abstracted  firom  a  thesis  by  E.  J.  Jory,  the  results  of 
some  chafing  fatigue  tests  carried  out  under  identical  conditions 
with  some  cast  and  wrought  alloys  of  similar  compositions  are 
compared.  In  general,  the  chafing  fatigue  strength  was  found  to 
be  closely  related  to  the  notch  fatigue  strength  obtained  with  speci- 
mens having  very  sharp  notches.  Annealed  wrought  metals  had  a 
higher  chafing  fatigue  strength  than  the  same  metals  in  the  cold- 
worked,  strain-hardened  or  precipitation-hardened  state,  and  cast 
alloys  had  a  higher  chafing  fatigue  strength  than  wrought  ones. 

Damping  Capadiy,  Endurance,  Electrical  and  Thermal  Con- 
ductivities of  Some  Oray  Cast  Irons.  C.  H.  Long  and  V.  H.  Schnee. 
(Transactions  of  the  American  Foundr3rmen's  Association,  1940, 
vol.  48,  Dec,  pp.  426-446).  The  authors  investigated  the  effect  of 
additions  of  up  to  3-0%  of  copper  on  the  damping  capacity,  endiur- 
ance  limit  and  the  electrical  and  thermal  conductivities  of  some 
low-,  medium-  and  high-carbon  cast  irons.  The  apparatus  with 
which  the  damping  capacity  was  tested  is  described  and  illustrated. 
In  this  apparatus  the  specimens  were  submitted  to  torsional  oscil- 
lations in  which  the  material  at  the  surface  was  subjected  to 
stresses  equal  to  16-36%  of  the  tensile  strength  of  the  iron.  At 
stresses  equal  to  16%  of  the  tensile  strength  the  damping  capacity 
appeared  to  increase  with  increasing  copper  content.  At  some- 
where between  16%  and  36%  of  the  tensile  strength  this  relationship 
was  reversed.  Fatigue  tests  on  six  types  of  medium-carbon  grey 
iron  with  additions  of  copper  in  the  range  0*0-3'0%  demonstrated 
that  the  ratio  of  the  endurance  limit  to  the  tensile  strength  decreased 
slightly  with  increasing  copper  content.     With  the  range  of  copper 
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content  investigated,  the  copper  had  little,  if  any,  effect  on  either 
the  thermal  or  the  electrical  conductivity. 

Fatigue  and  Damping  Studies  of  Aircraft  Sheet  Materials  : 
Duralumin  Alloy  24ST,  Aldad  24ST  and  Several  18/8  Type  Stainless 
Steels.  R.  M.  Brick  and  A.  Phillips.  (American  Society  for 
Metals,  Oct.,  1940,  Preprint  No.  39).  The  authors  studied  the 
relation  between  the  fatigue  and  damping  properties  of  various 
sheet  metals  for  aircraft.  The  materials  tested  were  the  two 
wrought  aluminium  alloys  24ST  and  Alclad  24SfT,  and  nine  com- 
mercial 18/8  stainless  steels,  of  low  and  medium  carbon  contents, 
in  the  annealed,  cold-rolled,  stabilised  and  aged  conditions.  For 
both  fatigue  and  damping  tests  the  same  specimens  were  used,  the 
preparation  and  dimensions  of  which  are  described  in  detail.  The 
fatigue  tests  were  carried  out  with  a  constant-deflection  tvpe  of 
machine.  The  tests  were  started  at  high  deflections  and  were 
continued  at  progressively  lower  ranges  of  stress.  For  the  damp- 
ing tests  and  the  photographic  reproduction  of  damping  curves 
the  authors  developed  a  special  apparatus  which  is  described 
at  some  length.  The  endurance-limit/tensile-strength  ratio  of  the 
stainless  steels  was  found  to  vary  between  30%  and  70%  for 
different  commercial  finishes,  but  to  be  relatively  constant  for 
each  type  of  surface.  The  fatigue  values  obtained  were  con- 
siderably scattered.  The  authors  think  this  to  be  due  not  only 
to  errors  inherent  in  the  method  of  testing  but  also  to  work- 
hardening  and  minute  surface  defects,  the  latter  resulting  in  crack 
formation  and  the  former  in  increases  of  stress  at  constant  deflection 
near  the  endurance  limit.  The  damping  capacity  decreased 
almost  continuously  with  increase  in  tensile  strength.  The  study 
of  the  damping  curves  led  to  the  following  conclusions:  (1)  An 
increase  of  the  carbon  content  from  0-07%  to  0-11%  decreased 
the  damping  capacity  of  the  annealed  18/8  steels.  (2)  Damping 
was  greatly  decreased  by  cold- work.  (3)  Repetition  of  the  damping 
test,  with  the  maximum  stress  above  the  endurance  limit,  increased 
the  damping  capacity  slightly,  particularly  at  higher  stresses. 
(4)  Stressing  which  started  below  the  endurance  lunit  and  was 
continued  for  a  long  time,  reaching  stresses  above  this  limit,  raised 
the  damping  capacity  of  annealed  or  slightly  worked  steels  con- 
siderably, and  also  sUghtly  increased  that  of  stronger  specimens. 
(6)  Work-hardening  accompanying  under-stressing  seemed  to 
cause  a  slight  increase  in  damping  capacity.  In  conclusion  the 
authors  briefly  report  on  additional  tests  by  which  the  mechanical 
hysteresis  loops  formed  by  complete  cycles  of  the  load-bending  test 
were  determined  for  several  of  the  18/8  steels  under  investigation, 
before  and  after  fatigue  stressing  near  the  endurance  limit.  The 
mechanical-hysteresis  loops  obtained  gave  a  qualitative  idea  only 
of  the  relative  damping  capacities. 

Pendulum  Hardness  Testing  Machine.     (Iron  Age,  1940,  vol. 
146,  Sept.  26,  p.  38).    A  description  is  given  of  a  pendulum  type  of 
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indentation  hardness-testing  machine  with  which  hardness  tests 
can  be  made  on  specimens  held  at  temperatures  up  to  900°  C.  This 
machine  has  been  described  previously  by  Cornelius  and  Trossen 
in  Stahl  und  Eisen,  1940,  vol.  60,  Apr.  4,  pp.  293-294  {see  Joum.  I. 
and  S.I.,  1940,  No.  II.,  p.  27  a). 

Metals  in  Thin  Layers — ^Their  Kicrohardness.  C.  G.  Peters  and 
F.  Knoop.  (Metals  and  Alloys,  1940,  vol.  12,  Sept.,  pp.  292-297). 
The  authors  describe  a  diamond-pyramid  hardness  testing  machine 
for  use  on  very  thin  layers  of  metal  and  discuss  some  results  obtained 
with  it  on  ferrous  and  non-ferrous  metals.  The  shape  of  the 
diamond  in  this  machine  is  such  that  the  length  of  the  impression 
produced  is  seven  times  the  width  and  thirty  times  the  depth,  and 
the  sensitivity  of  the  tool  is  such  that  a  load  of  0-5  kg.  on  hard  steel 
makes  an  impression  100  (x  long,  which  can  be  measured  with  an 
accuracy  of  1  (x  with  a  micrometer  microscope.  In  making  tests 
on  the  coating  of  chromium-plated  steel  it  was  observed  that  the 
hardness  of  the  base  metal  did  not  affect  the  results  obtained.  To 
obtain  consistent  results  it  was  found  that  the  thickness  of  the 
coating  should  be  at  least  fourteen  times  the  depth  of  the  impression. 
The  results  discussed  include  those  from  tests  on  numerous  speci- 
mens of  high-speed  steel  heat-treated  and  nitrided  in  various 
ways. 

Effect  of  Deozidation  on  Hardenabiliiy.  G.  V.  Cash,  T.  W. 
Merrill  and  B.  L.  Stephenson.  (American  Society  for  Metals,  Oct., 
1940,  Preprint  No.  30).  The  authors  studied  the  effect  of  deoxida- 
tion  practice  on  the  hardenability  of  steel,  examining  the  behaviour 
of  five  different  heats,  specimens  from  which  were  prepared  in  the 
fine-  and  coarse-grained  state.  Their  investigation  indicated  that 
the  hardenability  of  any  steel  is  influenced  by  its  austenitic  grain 
size  at  the  time  of  quenching,  and  that  the  only  effect  of  the 
deoxidation  practice  is  to  determine  the  temperature  at  which  any 
given  grain  size  can  be  produced.  The  authors  conclude,  therefore, 
that  the  hardenability  is  a  linear  function  of  the  grain  size  at  the 
temperature  of  heat  treatment. 

Hardenabiliiy  Testing  Tool  Steels  by  Oil  Qaenching  Small  Clones. 
E.  K.  Spring  and  J.  K.  Desmond.  (Steel,  1940,  vol.  107,  Oct.  28, 
pp.  68-62).  The  authors  describe  a  method  of  testing  the  harden- 
ability of  tool  steels  by  tests  on  cone-shaped  specimens,  and  of 
classifying  the  steels  by  the  results  obtained.  The  specimens  are  8  in. 
long,  2  in.  of  which  are  left  cylindrical  with  a  diameter  of  0-626  in. ; 
the  other  6  in.  are  turned  so  as  to  taper  from  0-626  in.  down  to  0-200 
in.  The  specimens  are  heated  to  the  desired  temperature  and  held 
for  the  requisite  time,  and  are  then  quenched  in  oil.  Hardness 
explorations  are  made  along  the  length  of  the  cone  and  the  harden- 
ability of  the  steel  is  classified  by  the  diameter  of  the  cone  at  the 
point  where  a  hardness  of  Rockwell  C60  is  obtained.  Some  results 
obtained  with  specimens  of  low-alloy  steels  containing  nickel  and 
chromium  are  discussed. 
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The  Effect  of  Grain  Size  on  HaidenataOiiy.  M.  A.  Grossmann 
and  R.  L.  Stephenson.  (American  Society  for  Metals,  Oct.,  1940, 
Preprint  No.  31).  The  authors  studied  the  e£fect  of  the  grain  size 
on  the  hardenabiUties  of  steels  of  a  wide  ranee  of  composition.  For 
each  steel,  a  series  of  specimens  with  different  grain  sizes  was 
produced  by  quenching  from  different  temperatures.  It  was  found 
that  the  greater  the  hardenability  of  a  steel  due  to  its  chemical  com- 
position, the  more  was  that  hardenabUity  affected  by  the  grain  size. 

Age  Hardening  of  Ciold  Reduced  Strip.  P.  J.  McKimm.  (Steel, 
1940,  vol.  107,  Sept.  30,  pp.  44-49 ;  Oct.  7,  pp.  46-50,  78-79).  The 
author  presents  and  discusses  data  which  show  how  the  rolling 
temperature  and  the  degree  of  reduction  in  the  rolling  of  steel  strip 
affect  its  hardness  and  tensile  properties  and  its  susceptibiUty  to 
ageing.  The  economic  aspect  of  producing  non-ageing  steel  is  also 
dealt  with. 

Measuring  the  Tendency  of  Some  Cast  Irons  to  Seize  Under 
Sliding  Friction.  A.  H.  Dierker,  B.  Fried  and  H.  H.  Dawson. 
(Transactions  of  the  American  Foundrymen's  Association,  1940, 
vol.  48,  Dec,  pp.  355-367).  The  authors  describe  an  apparatus 
and  testing  procedure  which  were  developed  for  determining  the 
resistance  to  seizure  of  the  surfaces  of  a  number  of  cast  irons  when 
in  sliding  contact  under  conditions  of  boundary  lubrication.  A 
shaping  machine  was  used  to  give  a  reciprocating  motion  to  a  cylin- 
drical specimen  which  was  movedoverthe  surface  of  a  block.  Preasure 
was  applied  to  the  specimen  by  means  of  a  hydraulic  system  and  the 
procedure  adopted  was  to  increase  the  load  by  2*6  lb.  every  5  strokes 
until  seizure  occurred.  The  area  of  contact  and  the  load  at  seizure 
were  measured  and  the  resistance  to  seizure  of  the  material  in  question 
was  thus  determined  in  pounds  per  square  inch.  The  results  are 
given  for  thirteen  plain  and  low-alloy  cast  irons  and  for  one  low- 
carbon  steel.  The  specimen  and  the  block  were  of  the  same  material 
in  each  test.  From  the  data  obtained  it  is  deduced  that  the  load- 
carrying  capacity  of  cast  iron  depends  on  two  apparently  independent 
characteristics,  namely,  its  resistance  to  seizure  and  its  **  pliabUity," 
a  term  which  the  authors  define  as  the  abiUty  of  the  material  to  give 
contact  over  a  large  area.  Microscopical  examinations  revealed 
that,  in  some  cases,  there  were  considerable  differences  in  structure 
in  various  parts  of  the  same  specimen.  The  authors  were  unable  to 
establish  any  relation  between  either  the  microstructure  or  the 
hardness  and  the  resistance  to  seizure,  but  their  general  conclusion 
was  that  large  amounts  of  carbides  or  of  ferrite  are  undesirable. 

(brrelation  of  High-Temperature  Creep  and  Rupture  Test  Besolis. 
R.  H.  Thielemann.  (American  Society  for  Metals,  Oct.,  1940, 
Preprint  No.  1).  The  author  reports  on  a  series  of  tensile  tests  at 
high  temperature  on  specimens  prepared  from  four  alloy  steels. 
These  steels  contained  :  (a)  Nickel,  chromium  and  molybdenum ; 
(6)  chromium,  molybdenum  and  vanadium ;  (c)  molybdenum  and 
0-6%  of  carbon;    (d)  molybdenum,  7%  of  chromium  and  1%  of 
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silicon.  At  least  six  specimens  of  each  steel  were  prepared,  and 
different  stresses  were  applied  to  each  after  it  had  reached  the 
desired  temperature,  ana  measurements  of  the  creep  were  made 
during  the  progress  of  the  long-time  tests.  The  results  are  shown 
by  curves  obtained  by  plotting  the  creep  against  the  time  on  a 
logarithmic  scale.  It  was  observed  that  with  steel  (a)  the  creep 
curves  were  fairly  straight  up  to  about  2%  elongation,  whilst  those 
for  steel  {b)  indicated  a  rapid  creep  rate  until  the  elongation  was 
about  1%,  whereas  above  this  value  the  creep  rate  slowed  down. 

Effect  of  Nitrogen  on  the  Case  Hardness  of  Two  Alloy  Steels. 
S.  W.  Poole.  (American  Society  for  Metals,  Oct.,  1940,  Preprint 
No.  33).  The  author  studied  the  effect  of  nitrogen  on  the  case 
hardness  of  two  qualities  of  steel  used  in  the  manufacture  of  auto- 
mobile gears,  viz.,  a  medium-carbon  nickel-chromium  steel  and  a 
high-carbon  chromium  steel.  He  treated  the  samples  in  five 
different  commercial  salt  baths,  two  of  which,  containing  sodium 
cyanide  and  calcium  cyanamide,  respectively,  were  chosen  so  as  to 
introduce  considerable  quantities  of  nitrogen  into  the  case.  This 
treatment  was  followed  by  oil-quenching  and  subsequent  drawing 
in  a  temperature  range  of  150-315^  C.  The  sodium  cyanide  bath 
gave  the  best  results  in  so  far  as  high  surface  case  hardness  was  con- 
cerned, and  it  was  found  that  the  maximum  surface  case  hardness 
was  generally  greater  for  the  chromium  steel  than  for  the  nickel- 
chromium  steel.  The  maximum  hardness  of  the  former  occurred 
at  a  lesser  depth  below  the  surface  than  with  the  latter,  owing  to  the 
smaller  amount  of  austenite  formed  on  quenching.  Nitrogen  in  the 
case  proved  to  be  valuable  in  inhibiting  the  softening  effect  of 
tempering.  This  was  more  clearly  indicated  in  the  chromium- 
nickel  than  in  the  chromium  steel. 

Phosphoms  as  an  Alloying  Element.  N.  Roy.  (Tisco  Review, 
1940,  vol.  8,  Sept.,  pp.  706-709,  714).  The  author  reviews  the 
results  of  some  experiments  in « which  the  effect  of  increasing  the 
quantity  of  phosphorus  in  plain  and  alloy  steels  on  their  tensile 
strength  and  corrosion  resistance  was  examined.  The  alloys  tested 
included  the  iron-phosphorus  series  in  combination  with  one  of  the 
following  elements  :  (a)  Silicon ;  (b)  manganese ;  (c)  sulphur ;  {d) 
copper ;  (e)  chromium ;  (/)  nickel ;  (g)  molybdenum ;  and  (A) 
vanadium.  The  results  may  be  summarised  as  follows  :  (1)  The 
tensile  strength  and  the  yield  strength  of  plain  and  alloy  steels 
are  both  increased  by  the  addition  of  phosphorus ;  (2)  with  low- 
carbon  steels,  both  plain  and  alloyed,  this  increase  in  strength  can 
be  secured  with  but  little  sacrifice  in  ductility ;  (3)  the  addition  of 
phosphorus  has  a  marked  effect  in  reducing  wear  as  measured  by 
a  Spindel  machine ;  and  (4)  the  resistance  to  atmospheric  corro- 
sion was  materially  improved  with  the  progressive  additions  of 
phosphorus. 

Effects  of  Sulphur  on  Electric  Furnace  Cast  Iron.  F.  Holtby 
and  R.  L.  Dowdell.     (Transactions  of  the  American  Foundrymen's 
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Association,  1940,  vol.  48,  Dec,  pp.  303-343).  The  authors  report 
on  an  investigation  of  the  efifect  of  increasing  the  percentage  of 
sulphur  in  cast  iron  on  its  properties.  An  indirect-arc  furnace  with 
a  capacity  of  about  2  cwt.  was  used  for  preparing  the  melt,  the 
charge  for  which  was  made  up  of  pig  iron,  steel  scrap  and  ferro- 
manganese  ;  the  sulphur  was  adjusted  by  additions  of  iron  sulphide. 
The  iron  produced  contained  approximately  3*50%  of  carbon, 
2-70%  of  silicon,  0-66-109%  of  manganese  and  0-12%  of  phos- 
phorus. Over  40  casts  were  made  under  controlled  conditions. 
The  data  obtained  led  to  the  following  conclusions  :  (1)  Increasing 
the  sulphur  content  up  to  about  0*18%  in  electric-furnace  cast  iron 
lowers  the  transverse  strength,  tensile  strength  and  hardness,  and 
increasing  the  sulphur  content  beyond  0-18%  improves  these  proper- 
ties ;  (2)  as  the  sulphur  content  is  increased  the  manganese  content 
is  reduced,  the  reduction  being  more  rapid  when  the  sulphur  content 
exceeds  0*18% ;  (3)  an  increase  in  the  sulphur  content  does  not 
afifect  the  depth  of  chill  obtainable  if  the  manganese  content  is  kept 
constant ;  (4)  the  flowability  of  the  iron  decreases  slightly  with 
increasing  sulphur  content  up  to  about  0*18%,  beyond  which  point  it 
decreases  very  rapidly;  (5)  increasing  the  sulphur  content  up  to 
0*14%  decreases  the  machinability ;  further  increases  up  to  0*18% 
increase  the  machinability;  above  this  point  the  machinability 
decreases  rapidly ;  (6)  the  contraction  of  this  class  of  iron  increases 
with  increasing  sulphur  content  up  to  0*14%,  from  0*14%  to  0*18% 
of  sulphur  it  decreases,  and  above  0*18%  it  again  increases  ;  (7)  when 
the  sulphur  content  exceeds  about  0*18%,  blow-holes  tend  to  form 
in  the  iron ;  and  (8)  the  presence  of  up  to  about  0*18%  of  sulphur 
in  the  iron  used  in  this  investigation  is  not  considered  very  detri- 
mental to  its  properties. 

D^nition  of  Cast  Iron.  (Bulletin  of  the  British  Cast  Iron 
Research  Association,  1940,  vol.  6,  No.  6,  pp.  145-146).  Some 
definitions  of  cast  iron  are  discussed,  notably  that  of  Norbury, 
which  reads :  "  Alloys  of  iron  and  carbon  with  or  without  other 
elements,  which  contain  carbide  eutectic  (white  cast  irons)  or 
graphite  eutectic  (grey  cast  iron)  or  both  carbide  eutectic  and 
graphite  eutectic  (mottled  cast  iron)  in  the  structure."  This 
definition  has  been  modified  by  the  United  States  Bureau  of 
Standards,  as  follows  :  ''  Cast  iron  is  a  cast  alloy  of  iron  and  carbon, 
with  or  without  other  elements,  in  which  the  carbon  content  exceeds 
the  maximum  limit  of  solid  solubility,  as  determined  at  any  tem- 
perature (which  in  plain  cast  iron  is  1*7%),  and  hence  contains 
eutectic  carbon  or  graphite  as  a  structural  feature.  It  is  not 
usefully  forgeable  at  any  temperature."  A  third  definition  in  the 
form  of  a  long  descriptive  statement  suitable  for  elementary  text- 
books is  also  suggested. 

Sand  Affects  Physical  Properties  of  Gray  Iron.  H.  W.  Dietert 
and  E.  E.  WoodlifiF.  (Transactions  of  the  American  Foundrjrmen's 
Association,  1940,  vol.  48,  Dec,  pp.  393-^422).    The  authors  report 
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on  an  investigation  of  the  e£fect  of  changes  in  the  moisture  content 
and  permeability  of  moulding  sand  on  the  properties  of  grey  iron 
castings.  The  conclusions  they  reached  are  as  follows  :  (1)  An 
increase  of  moisture  in  the  sand  reduces  the  fluidity  of  the  metal ; 
(2)  the  transverse  strength  and  deflection  of  a  grey  iron  of  similar 
composition  to  that  used  in  the  investigation  are  reduced  by  an 
excess  of  moisture  in  the  sand ;  (3)  the  fracture  of  a  grey  iron 
becomes  finer  and  lighter  in  colour  as  the  moisture  content  of  the 
sand  increases ;  (4)  the  graphitic  carbon  is  refined  by  increasing  the 
moisture  content  of  the  sand ;  (6)  the  areas  of  ferrite  in  grey  iron 
are  increased  when  the  moisture  content  is  high  and  this  decreases 
the  strength  of  the  metal ;  (6)  a  high  moisture  content  frequently 
causes  gas  inclusions  in  the  cast  metal ;  (7)  the  porosity  of  a  casting 
can  be  reduced  by  increasing  the  permeability  of  the  sand,  provided 
that  the  mass  of  metal  is  not  too  great ;  (8)  the  fluidity  of  the  metal 
can  be  reduced  by  using  a  sand  of  high  permeability ;  (9)  the  depth 
of  chill  obtainable  in  a  grey  iron  is  increased  as  the  moisture  content 
of  the  sand  is  raised ;  (10)  the  firacture  of  a  grey  iron  becomes  finer 
and  lighter  in  colour  as  the  permeability  of  the  sand  increases ; 
(11)  the  pearlitic  areas  are  more  completely  developed  when  sands 
of  low  permeability  are  used ;  and  (12)  generally  speaking,  changes 
in  the  moisture  content  of  the  moulding  sand  have  a  greater  influence 
on  the  physical  properties  of  the  casting  than  changes  in  the  perme- 
ability. 

Slaterials  of  C!oii8traction  for  Chemical  Engineering  Equipment 
(Chemical  and  Metallurgical  Engineering,  Sept.,  1940,  Editorial 
Supplement).  A  comprehensive  table  is  presented  of  the  sources  of 
supply,  compositions  and  properties  of  264  ferrous  alloys  and  102 
non-ferrous  alloys  used  in  the  construction  of  chemical  works  plant, 
all  of  which  are  produced  in  the  United  States.  The  alloys  are  listed 
in  alphabetical  order  of  their  trade  names,  and  in  addition  to  the 
usual  tensile  and  hardness  properties,  particulars  are  also  given,  in 
most  cases,  of  their  specific  gravity,  melting  point,  expansion,  thermal 
conductivity,  machinability,  and  resistance  to  heat,  abrasion  and  to 
some  acids  and  alkalis. 


METALLOGRAPHY  AND  CONSTITUTION 


(Ck>iitintied  from  pp.  30  a-33  a) 

Mounting  micro-Specimens.  D.  McPherson.  (Machine  Shop 
Magazine,  1940,  vol.  1,  Oct.,  pp.  54-66).  The  author  describes  a 
simple  and  easily  constructed  apparatus  for  the  mounting  of 
specimens  in  bakelite  or  other  plastic  material  for  microscopical 
examination.  The  body  of  the  apparatus  consists  of  a  short  length 
of  steel  bar  about  5  in.  in  dia.  and  3  in.  long.    It  is  bored  through 
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the  centre  to  take  a  steel  pluff  by  whioh  the  preesure  on  the  plastio 
material  is  exerted.  Ea>ch  face  of  the  bar  is  provided  with  an 
annular  recess  and  a  cover-plate;  each  recess  houses  an  electric 
heating  element.  A  tray  or  base-plate  is  provided,  on  the  centre  of 
which  the  specimen  is  placed.  The  apparatus  is  placed  between 
the  rams  of  a  press  or  testing  machine ;  the  current  is  switched  on, 
and  when  the  desired  temperature  is  reached  the  centre  hole  is 
charged  with  the  powdered  plastic,  the  plug  is  inserted  and  the 
pressure  is  applied ;  after  the  ''  curing  "  period  the  specimen  and 
mount  can  be  removed. 

The  Tedmiaue  of  microradiography  and  its  Apidication  to  Metab. 
6.  L.  Clark  and  W.  M.  Shafer.  (American  Society  for  Metals,  Oct., 
1940,  Preprint  No.  21).  The  authors  study  the  theory  and  practice 
of  the  production  of  microradiograms  of  metal  specimens.  They 
find  that  by  using  the  Lippmann-Gevaert  emulsion  of  an  extremely 
fine  grain  size  for  the  silver  halide,  an  X-ray  image  on  a  photographic 
plate  may  be  magnified  up  to  200  times  without  loss  of  detail.  The 
authors  also  work  out  theoretical  X-ray  absorption  equations  and 
show  how  these  can  be  used  to  determine  the  X-ray  wave-length 
which  will  produce  the  maximum  contrast  between  the  constituents 
in  a  specimen  such  as  an  aluminium-copper  alloy.  A  careful  study 
of  photographic  emulsions  and  developers  is  presented.  A  camera 
for  multiple  exposures  is  described  and  some  results  obtained  with 
it  for  steel  and  some  non-ferrous  alloys  are  reported.  It  is  demon- 
strated that  microradiography  supplements  microscopy  and  has 
great  metallurgical  usefulness. 

Notes  on  tbs  Interpretation  of  X-Bay  Diffraction  Diagrams  and 
Evidence  of  Mosaic  Structures.  N.  P.  Goss.  (American  Society 
for  Metals,  Oct.,  1940,  Preprint  No.  23).  The  author  explains 
briefly  the  fundamental  principles  of  the  examination  of  metals 
by  X-ray  difiraction  and  cites  some  experiments  which  show 
that  the  appearance  of  Laue  spots  may  be  due  either  to  radiation 
characteristic  of  the  target  element,  or  to  continuous  radiation 
which  varies  over  a  considerable  range  of  wave-length,  or  to  one  of 
these  superimposed  on  the  other.  He  also  presents  and  discusses 
evidence  produced  by  X-rays,  which  shows  that  the  grains  in 
annealed  metals  are  built  up  of  crystal  units  smaller  than  the  grains 
and  differing  slightly  in  orientation. 

The  Phenomenon  of  Inverse  Segregation  in  Iron  Alloys  (*«  Hard 
Spots  "  and  "  Black  Spots  '').  M.  P.  Slavinskiy.  (Metallurg,  1939, 
No.  10-11,  pp.  118-122).  (In  Russian).  The  phenomenon  of 
inverse  segregation  in  alloys  is  discussed  with  reference  to  the 
conditions  under  which  it  appears,  its  causes  and  consequences. 
Assuming  that  inverse  segregation  is  a  phenomenon  appertaining  to 
alloys  of  the  solid  solution  type,  the  author  points  out  that  there  is 
no  apparent  reason  for  the  generally  accepted  view  that  the  iron- 
carbon  alloys  do  not  suffer  from  this  defect.  A  number  of  examples 
in  which  hard  spots  were  encountered  in  the  machining  of  cast,  rolled 
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and  stamped  parts  are  described  and  illustrated.  The  hard  spots 
interfered  with  machining,  while  in  some  instances — e.gr.,  in  wiilllng 
— the  hard  spot  or  inclusion  was  torn  out  of  the  suH'ace.  Hard 
spots  were  encountered  in  an  iron  casting  containing  3-2%  of  carbon, 
and  in  plain  carbon  steels  with  average  carbon  contents  of  0*65%, 
0*46%  and  0*62%,  respectively.  In  the  case  of  the  casting,  the 
carbon  content  of  the  hard  spot  was  found  to  be  2%.  The  hard 
spots  are  ascribed  to  the  expulsion  from  the  interior  of  still  Kquid 
alloy  enriched  with  the  low-melting-point  constituents.  The  hard 
spots  are  sometimes  referred  to  as  black  spots  owing  to  their  appear- 
ance on  the  light-coloured  machined  steel  surface.  Under  the 
microscope  the  black  spots  frequently  appear  as  stripes  running  in 
the  same  direction  as  the  fibres.  They  have  a  weakening  effect 
on  the  metal. 

Dendritic  Stmctnre.  C.  H.  Desch.  (Sheffield  Metallurgical 
Association  :  Iron  and  Coal  Trades  Review,  1940,  vol.  141,  Nov.  8, 
p.  474 ;  Nov.  15,  pp.  495,  492).  The  author  discusses  the  influence 
of  dendritic  structure  on  the  heterogeneity  of  alloys  and  methods  of 
studying  one  of  the  four  t3rpes  of  heterogeneity,  namely,  the  exist- 
ence of  a  composition  gradient  within  individual  dendrites.  In 
steels,  the  austenite  cr3^tals  showed  composition  gradients  within 
the  dendrites.  This  structure  was  important  for  practical  purposes 
because  it  persisted  during  forging.  The  author  observed  that  the 
proportions  of  the  allo3ring  elements  in  an  alloy  steel  were  not 
constant  throughout  the  breadth  of  a  dendrite.  The  different 
portions  of  a  dendrite  would  therefore  have  different  transformation 
points,  and  this  might  play  an  important  part  in  the  production  of 
internal  stresses  and  cracks.  The  author  refers  to  eleven  possible 
methods  of  determining  the  actual  composition  gradient  within  a 
dendrite;  they  involve:  (1)  Chemical  etching;  (2)  contact  printing ; 
(3)  microchemical  examination  of  shavings;  (4)  spectrographio 
study  of  isolated  spots  ;  (5)  determination  of  electrolytic  potential 
at  points  ;  (6)  measurement  of  the  electrolytic  potential  as  a  whole ; 
(7)  X-ray  microscopy ;  (8)  X-ray  transmission  pictures ;  (9)  the 
thermo-magnetic  method ;  (10)  measurement  of  electrical  resis- 
tance ;  and  (11)  observation  of  the  broadening  of  X-ray  lines.  He 
discusses  the  advantages  and  disadvantages  of  these  methods  with 
references  to  work  which  has  already  been  done  by  some  of  them 
and  suggests  that  further  work  might  usefully  be  done  by  methods 
(1),  (7)  and  (9). 

Structure  and  Properties  of  Some  Iron-Nickel  Alloys.  G.  Sachs 
and  J.  W.  Spretnak.  (American  Institute  of  Mining  and  Metal- 
lurgical Engineers,  Technical  Publication  No.  1246 :  Metals 
Technology,  1940,  vol.  7,  Oct.).  The  authors  studied  the  structure 
and  physical  properties  of  eleven  iron-nickel  alloys,  ranging  in 
composition  from  nil  to  approximately  100%  of  nickel,  after  sub- 
jection to  a  variety  of  heat- treatment  procedures  and,  in  some 
cases,  to  cold-working.    The  investigation  led  to  a  proposed  new 
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equilibrium  diagram  for  the  iron-niokel  system,  which  di£fers  from 
those  proposed  by  Owen  and  Sully  (Philosophical  Magazine,  1939, 
vii,  vol.  27,  p.  614)  and  by  Bradley  and  Goloschmidt  (Joum.  I.  and 
S.I.,  1939,  No.  II.,  p.  Up)  in  that  the  a-phase  is  stable  at  room 
temperature  up  to  very  high  nickel  contents.  By  means  of  powder 
diagrams  the  authors  observed  structural  changes  towards  equi- 
librium conditions  in  the  28%  nickel  alloy  in  both  the  cold-rolled 
and  annealed  conditions.  TMs  definitely  established  the  hetero- 
geneous (a  -{■  y)  equihbrium  for  this  alloy  for  a  certain  temperature 
range  below  an  upper  critical  temperature  of  480°  C.  On  rolling, 
the  alloy  tended  to  be  completely  transformed  into  the  a-state,  and 
this  led  to  the  conclusion  that  it  consists  of  the  pure  a-phase  when 
in  the  equihbrium  condition  at  room  temperature  and  at  temperatures 
up  to  about  200°  C.  Hardness  tests  indicated  that  alloys  con- 
taining more  than  4%  of  nickel  are,  with  increasing  nickel  content, 
increasingly  affected  by  residual  strain-hardening  and  transform- 
ation-hardening. The  authors  developed  hypothetical  hardness 
curves  for  ferrite  and  martensite  and  found  that  alloys  containing 
15-25%  of  nickel  are  generally  in  an  almost  completely  martensitic 
condition.  The  alloy  with  28%  of  nickel  became  strain-hardened 
to  a  particularly  large  extent  by  cold-rolling,  owing  to  the  simul- 
taneous formation  of  carbon-free  martensite,  and  the  hardening  of 
this  alloy  by  cold- work  exceeded  that  of  any  other  iron-nickel  alloy. 
Stractnral  Changes  in  Low  Carbon  Steds  Produced  by  Hot  and 
Cold  Boiling.  N.  P.  Goss.  (American  Society  for  Metals,  Oct., 
1940,  Preprint  No.  14).  The  author  describes  an  investigation  by 
X-ray  difiraction  methods  of  the  structure  of  hot-  and  cold-rolled  steel 
strip,  the  object  of  which  was  to  determine  the  orientation  of  the 
crystals  after  heavy  reduction  by  hot-rolling  at  a  temperature 
between  the  A^  and  A3  points,  and  the  effect  of  subsequent  cold- 
rolling  upon  this  orientation.  He  found  that  the  complex  orienta- 
tions could  not  be  adequately  determined  by  the  Laue  method 
alone,  so  this  was  supplemented  by  the  production  of  surface 
diffraction  diagrams  by  reflecting  the  X-ray  beam  from  the  surface, 
from  the  edge  parallel  to  the  rolling  direction  and  from  the  edge 
transverse  to  the  rolling  direction.  The  data  obtained  proved  that 
cold-rolling  has  a  marked  effect  on  the  crystallographic  orientation 
of  hot-rolled  steel  strip.  The  author  also  investigated  whether  the 
directional  properties  imparted  by  the  cold-rolling  could  be  removed 
by  heat  treatment.  He  found  that  a  normalising  treatment  at 
1700°  F.  did  not  remove  the  directional  properties  entirely,  although 
the  grains  were  completely  recrystalUsed  and  quite  uniform  in  size, 
whilst  annealing  at  1300°  F.  was  much  less  effective  in  removing  the 
directional  properties. 

Surface  Carbon  Chemistry  and  Grain  Size  of  18/4/1  High  Speed 
Steel.  W.  A.  Schlegel.  (American  Society  for  Metals,  Oct.,  1940, 
Preprint  No.  20).  The  author  presents  the  results  of  an  investiga- 
tion of  the  effect  of  various  heat  treatments  on  the  degree  of  car- 
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burisation  and  the  grain  size  of  18/4/1  tiingsten-chromium-vanadium 
high-speed  steel.  His  general  conclusions  are :  (1)  Atmospheres 
which  carbuiise  this  steel  in  short  periods  of  heating  may  eventually 
cause  decarburisation  if  the  time  at  high  temperature  is  sufficiently 
prolonged ;  (2)  in  the  as-quenohed  condition  the  carbiirised  zone 
cannot  be  distinguished  under  the  microscope  unless  the  steel  has 
been  tempered  at  950-1160°  F.,  in  which  case  it  will  appear  as 
partially  retained  and  partially  transformed  austenite ;  (3)  the  re- 
tained austenite  can  be  broken  down  by  repeated  tempering.  The 
austenite  produced  on  the  surface  by  normal  heat  treatment  can, 
as  a  rule,  be  broken  down  by  a  second  tempering  at  1050**  F. ;  the 
rate  at  which  it  is  transformed  at  any  specific  temperature  depends 
upon  the  carbon  concentration ;  (4)  a  study  of  the  grain  size  and 
the  characteristics  of  the  fracture  of  this  steel  indicates  that  it  is 
not  susceptible  to  grain  growth  when  treated  at  2350°  F.  or  lower ; 
and  (5)  the  composition  of  the  furnace  atmospheres  used  in  heat- 
treatment  furnaces  for  this  high-speed  steel  does  not  affect  its  grain 
size  or  its  fracture  characteristics ;  the  only  factors  which  do  affect 
the  grain  growth  are  the  time  and  temperature  of  the  treatment. 

Effect  of  Rate  of  Heating  fhioiigh  the  Transf ormatioii  Range  on 
Aostenitic  Orain  Size.  S.  J.  Rosenberg  and  T.  G.  Digges.  (Ameri- 
can Society  for  Metals,  Oct.,  1940,  Preprint  No.  12 :  Journal  of 
Research  of  the  National  Bureau  of  Standards,  1940,  vol.  25,  Aug., 
pp.  215-228).  The  authors  determined  the  austenitic  grain  size  at 
different  temperatures  with  various  rates  of  heating  through  the 
transformation  range  for  a  number  of  high-purity  alloys  of  iron  and 
carbon  and  for  some  steels  with  a  wide  range  of  carbon  content.  For 
the  alloys  containing  0*50%  of  carbon,  the  grain  size  at  1476°,  1500° 
and  1600°  F.  increased  as  the  rate  of  heating  decreased,  whereas  the 
grain  size  at  1800°  F.  was  not  as  noticeably  dependent  upon  the  rate 
of  heating.  Coarser  grains  were  produced  at  the  lower  temperatures 
with  slow  rates  of  heating  than  at  higher  temperatures  with  fast  rates 
of  heating.  All  the  materials  did  not  behave  in  the  same  manner, 
and  it  is  therefore  necessary,  when  making  grain-size  specifications, 
to  consider  the  possible  effects  that  the  rate  of  heating  through  the 
transformation  range  may  have  upon  the  grain  size  of  the  steel. 

Influence  of  Auirtenitic  Grain  Size  on  the  Critical  Cooling  Rate  of 
High  Purity  Iron-Carbon  Alloys.  T.  O.  Digges.  (American  Society 
for  Metals,  Oct.,  1940,  Preprint  No.  10).  This  is  a  reproduction  of 
the  author's  paper  which  appeared  in  the  Journal  of  Research  of  the 
National  Bureau  of  Standards,  1940,  vol.  24,  June,  pp.  723-741 
{see  p.  31  a). 

The  Mechanism  and  Kinetics  of  the  Crystallisation  of  Alloys  of 
the  Eutectic  Type.  Ya.  V.  Grechnyy.  (Metallurg,  1939,  No.  10-11, 
pp.  9-20).  (In  Russian).  The  author  reports  on  a  study  of  the 
structure  of  ledeburite  prepared  by  melting  electrolytic  iron  with 
electrode  graphite  in  magnesite  crucibles.  The  irons  after  super- 
heating to  1300-1700**  C,  were  cooled  at  rates  varying  from  several 
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tens  to  several  thousands  of  degrees  per  second.  In  all  cases  micro- 
scopic and  X-ray  examination  snowed  the  cementite  to  be  the  leading 
phase  in  the  crystallisation  of  the  ledeburite,  and  accordingly  changes 
in  the  shape  of  its  crystals  were  studied.  The  cementite  crystals 
were  mainly  lamellar  in  shape,  though  with  more  rapid  cooling  some 
typical  dendritic  crystals  were  observed.  At  very  high  rates  of 
cooling,  bent  lamelke  joined  at  the  ends  were  formed,  presumably 
by  the  spUtting  of  wider  lamelke.  The  eutectic  austenite  crystals, 
primarily  of  the  acicular,  but  sometimes  of  the  dendritic  type, 
were  observed  to  have  grown  into  the  cementite  lamella,  and  to  be 
oriented  parallel  to  their  shorter  edge  forming  a  honeycomb  type  of 
structure.  In  addition  some  austenite  separated  out  at  the  boun- 
daries of  the  ledeburite  grains.  Typical  ledeburite  was  not  observed 
in  metal  cooled  slowly.  As  the  rate  of  cooling  was  increased,  the 
shape  of  the  ledeburite  grains  varied  from  cr3^talline  to  a  dendritic 
and  feathery  structure.  Some  X-ray  evidence  indicated  that  the 
cementite  in  a  grain  of  ledeburite  is  in  the  form  of  a  single  crystal. 
Some  observations  on  the  structure  of  the  fayalite-wiistite  eutectic 
are  also  reported. 

Cementite  Stability  and  lis  Relation  to  Grain  Size,  Abnormality 
and  Hardenabiliiy.  C.  B.  Austin  and  M.  C.  Fetzer.  (American 
Society  for  Metals,  Oct.,  1940,  Preprint  No.  29).  In  their  previous 
paper  on  the  *'  Effect  of  Ck)mposition  and  Steelmaking  Practice  on 
Graphitization  Below  the  A^  of  Eighteen  One  Per  Cent.  Plain  Carbon 
Steels  '*  the  authors  had  suggested  that  the  presence  of  alumina 
might  serve  as  a  graphitiser  during  prolonged  tempering  {see  p.  32  a). 
In  the  present  paper  they  report  on  a  further  examination  of  these 
steels  with  a  view  to  correlating  the  carbide  stability,  or  tendency 
to  graphitisation,  with  the  grain  size  of  the  fracture  at  various 
temperatures,  the  McQuaid-Ehn  grain  size  and  abnormality,  and 
the  hardenability  of  the  steels.  The  steels  were  tempered  at  670**  C. 
for  periods  up  to  600  hr.,  after  quenching  from  1000°  C.  Ten  steels 
proved  to  be  completely  free  from  graphitisation,  whereas  eight 
others  showed  graphitisation  ranging  from  about  50%  to  100%. 
In  general,  the  results  indicated  that  coarse-grained  normal  steels 
are  stable  whilst  fine-grained  abnormal  steels  graphitise.  Alumina, 
which  had  proved  to  have  such  a  profound  effect  on  grain  size  and 
abnormality,  was  similarly  effective  in  lowering  the  stability  of 
the  carbide.  The  data  which  the  authors  obtained  from  the  various 
steels  of  common  grain  size  did  not  permit  of  any  attempt  at  cor- 
relation with  carbide  stability. 

The  Influence  of  Alloying  Elements  on  the  Position  of  the  Marten- 
site  Point,  the  Amount  of  Retained  Austenite  and  lis  Stability  on 
Tempering.  V.  I.  Zyuzin,  V.  D.  Sadovskiy  and  S.  I.  Baranchuk. 
(Metallurg,  1939,  No.  10-11,  pp.  75-80).  (In  Russian).  The 
authors  studied  the  effect  of  additions  of  silicon,  manganese,  nickel, 
cobalt,  aluminium,  copper,  chromium,  tungsten,  vanadium  and 
molybdenum,  in  amounts  varying  in  some  instances  up  to  8%,  on 


MBTAIXOOBAFHT  AND  OONSnTUTION.  75  A 

the  martensite  point,  on  the  amount  of  retained  austenite  and  on 
its  stability  in  0*9-1%  carbon  steel.  Manganese,  chromium, 
molybdenum,  nickel,  copper,  timgsten  and  vanadium  lowered  the 
martensite  point  by  55^  15^  30°,  17°,  10°,  12°  and  35°  C.  respec- 
tively, for  an  addition  of  1%.  Cobalt  and  aluminium  added  to  a 
0*76%  carbon  steel  raised  the  martensite  point  by  12°  and  30°  C. 
respectively,  whilst  silicon  had  no  effect.  All  the  elements  except 
cobalt  and  aluminium  raised  the  amount  of  retained  austenite  in 
the  quenched  steel,  whilst  cobalt  and  aluminium  lowered  it.  Man- 
ganese, chromium  and  silicon  had  no  marked  stabilising  effect  on  the 
retained  austenite,  but  the  other  elements  studied  (in  amounts  up 
to  3%)  had  only  a  slight  stabilising  effect.  The  carbide-forming 
elements  (chromium,  molybdenum,  tungsten  and  vanadium),  which 
produce  an  intermediate  stability  zone  at  400-600°  C.  in  the  iso- 
thermal transformation  of  primary  austenite,  give  in  a  similar 
manner  the  same  stability  zone  in  the  transformation  of  retained 
austenite. 

The  Influence  of  the  Method  of  Quenching  on  the  Amount  of 
Retained  Austenite  in  Stroctoral  Ohzomium-Nictel  Steels.  V.  D. 
Sadovskiy  and  N.  P.  Chuparkova.  (Metallurg,  1939,  No.  10-11, 
pp.  80-89).  (In  Russian).  The  authors  investigated  the  effects  of 
different  methods  of  quenching  chromium-nickel  steels  on  the 
amount  of  retained  austenite.  Basic  open-hearth  steels  of  the 
following  compositions  were  used  in  the  investigation  : 


(1)  (2)  (3) 

Carbon,  %      .  .  .        0-38  0-40  0*30 

Manganese,  % 
Silicon,  % 
Chromium,  % 


Nickel,  % 
Phosphorus,  % 


0-42  0-34  0-42 

0-34  016 

1-38  113  1-47 

307  3-20  3-6 

0-20  0007 


The  amount  of  retained  austenite  was  determined  by  a  ballistic 
method,  using  as  a  standard  a  specimen  quenched  in  ice-cold  water 
and  then  cooled  in  liquid  air  to  produce  a  minimum  retained 
austenite  content.  Preliminary  experiments  showed  that  raising 
the  maximum  temperature  from  826°  to  950°  C.  had  little  effect  on 
the  amount  of  retained  austenite.  Quenching  with  incomplete 
cooling,  followed  by  stepped  tempering,  resulted  in  a  lowering  of 
the  martensite  point  of  the  retained  austenite  and  when  the  tempering 
was  sufficiently  prolonged  the  martensite  transformation  on  cooling 
to  room  temperature  was  completely  eliminated.  Quenching  steel 
(1)  from  830°  C.  in  media  with  temperatures  from  20°  to  550°  C. 
showed  that  two  maxima  in  the  retained  austenite  content  were 
obtained  at  200-250°  C.  and  325-400°  C.  with  a  sharp  minimum  at 
300°  C.  The  retained  austenite  formed  at  these  two  points  behaved 
differently  on  subsequent  cooling  and  tempering.  The  austenite  in 
specimens  quenched  at  350°  C.  was  much  more  resistant  to  tem- 
pering than  that  in  those  quenched  at  200°  C.     Specimens  of  steel 
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(3)  quenched  in  oil  at  200°  C.  and  in  salt  at  350°  C.  were  studied 
with  regard  to  the  rates  of  decomposition  of  the  retained  austenite 
at  tempering  temperatures  up  to  700  °C.  In  specimens  quenched  at 
200°  C.  the  austenite  may  pass  through  the  first  zone  of  rapid  trans- 
formation at  300-400  °  C.  to  undergo  isothermal  decomposition  at 
650-700°  C.  Evidence  was  also  obtained  regarding  changes  during 
secondary  quenching,  i.e.,  cooling  after  high-temperature  tempering. 

The  Effect  of  Molybdenum  on  the  Isottiermal,  Subcritioal  Trans- 
formation  of  Austenite  in  Low  and  Medium  Carbon  Steels.  J.  B. 
Blanchard,  R.  M.  Parke,  and  A.  J.  Herzig.  (American  Society  for 
Metals,  Oct.,  1940,  Preprint  No.  35).  The  authors,  in  their  study 
of  the  isothermal  subcritical  transformation  of  austenite  in  low- 
and  medium-carbon  steels  with  molybdenum  contents  from  0*15% 
to  0-75%,  found  molybdenum  to  be  effective  in  promoting  the 
hardenability  of  these  steels.  They  carried  out  metallographic  and 
djlatometric  examinations  and  prepared  S-curves  from  the  iso- 
thermal data,  which  indicated  that  the  influence  of  molybdenum 
on  the  decomposition  of  austenite  is  complex. 

Transformation  of  Austenite  on  Continuous  Cooling  and  its 
Relation  to  Transformation  at  Constant  Temperature.  B.  A.  Grange 
and  J.  M.  Kiefer.  (American  Society  for  Metals,  Oct.,  1940,  Pre- 
print No.  9) .  The  authors  studied  the  transformation  of  the  austenite 
in  a  steel  containing  carbon  0*42%,  nickel  1*79%,  chromium 
0-80%  and  molybdenum  0-33%  at  seven  dififerent  constant  cooling 
rates,  by  the  examination  of  more  than  a  hundred  specimens.  Prom 
the  data  obtained  they  constructed  a  cooling  transformation 
diagram  analogous  to  the  isothermal  diagram.  They  discuss  the 
general  relationship  of  the  transformation  on  continuous  cooling  to 
that  at  constant  temperature,  and  propose  a  simple  empirical 
method  for  estimating  cooling  transformation  phenomena  from  data 
obtained  at  a  constant  temperature.  This  method,  when  applied 
to  the  above  steel,  was  in  excellent  agreement  with  the  cooling 
transformation  diagram  determined  experimentally.  When  the 
isothermal  data  are  known,  the  empirical  method  provides  a  means 
of  predicting  the  course  of  the  transformation  of  austenite  for  any 
given  rate  of  cooling. 
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(Continued  from  pp.  33  A-36  a) 

The  Passivation  and  Coloring  of  Stainless  Steel.  G.  C.  Kiefer. 
(American  Society  for  Metals,  Oct.,  1940,  Prepreprint  No.  42).  In 
the  first  part  of  his  paper  the  author  discusses  in  an  elementary  way 
the  phenomenon  of  the  passivation  of  metals,  considering  in  par- 
ticular the  influence  of  certain  alloy  additions,  viz,,  chromium, 
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nickel  and  molybdenum,  from  the  point  of  view  of  their  passivating 
influence.  In  conclusion  he  reports  on  his  own  experiments  on 
rendering  stainless  steel  less  prone  to  pitting  by  treatment  with  a 
solution  containing  4%  hydrofluoric  and  4%  chromic  acid.  In  the 
second  part  of  his  paper  the  author  briefly  reviews  various  methods 
of  colouring  stainless  steel. 

Pitting  Type  of  Ctoirosion  on  the  Suifaoe  of  Stainless  Steel  Tabes 
and  Methods  of  Eliminating  it.  V.  Radchenko  and  N.  Solonyy. 
(Stal,  1939,  No.  10-1 1 ,  pp.  62-63).  (In  Russian).  An  investigation 
into  the  cause  of  the  pitting  of  stainless  steel  tubes  during  pickling 
in  a  mixtiu^  of  nitric  and  hydrochloric  acids  is  described.  The 
factors  studied  included  the  effect  of  the  concentrations  of  the  two 
acids  in  the  pickling  bath,  the  effect  of  the  proportion  of  nitric  to 
hydrochloric  acid,  the  effect  of  the  temperature  of  the  bath,  and  the 
effect  of  the  heat-treatment  temperature.  It  is  concluded  that, 
with  insufficient  nitric  acid  present,  the  passivating  film  will  not 
have  time  to  form,  or,  if  formed,  it  will  be  destroyed  by  the  hydro- 
chloric acid.  As  the  proportion  of  nitric  acid  is  increased  the 
passivating  film  is  gradually  rendered  more  stable,  and  eventually, 
only  local  breakdown  will  occur.  At  these  points,  pitting  will 
take  place,  the  corrosion  being  due  to  local  concentration  cells. 
Further  increase  in  the  proportion  of  nitric  acid  will  render  the 
passivating  film  resistant  to  hydrochloric  acid.  The  above  theory 
was  confirmed  by  experiments  which  showed  that,  as  expected, 
there  was  a  critical  range  of  nitric  acid  concentrations  in  the  nitric- 
acid/hydrochloric-acid  pickling  bath  within  which  a  pitting  type  of 
corrosion  is  observed.  This  critical  concentration  range  depends 
on  the  chromium  content  of  the  steel,  and  is  also  shifted  by  potas- 
sium dichromate  (which  stabilises  the  film)  and  by  additions  of  salts 
of  iron,  chromium  and  nickel. 

Corrosion  Cracking.  6.  Sachs.  (Iron  Age,  1940,  vol.  146,  Oct. 
3,  pp.  21-28).  The  author  reviews  the  literature  on  the  causes  and 
effects  of  residual  stresses  in  steel,  and  on  the  corrosion  cracking  of 
ferrous  and  non-ferrous  metals  and  alloys. 

Corrosion  Besistanoe  of  Tin  Plate.  Inflaenoe  of  Steel  Base  Com- 
position on  Service  Lite  of  Tin  Plate  Containers.  R.  R.  Hart  well. 
(American  Society  for  Metals,  Oct.  1940,  Preprint  No.  44).  The 
author  studied  the  influence  of  the  composition  of  the  base  metal  on 
the  corrosion  resistance  of  tinplate  containers.  He  did  not  apply 
the  statistical  method  of  Hoar,  Morris  and  Adam  (see  Joum.  I. 
and  S.I.,  1939,  No.  II.,  p.  55  p)  but  used  samples  of  tinplate  the 
composition  and  production  of  which  had  been  carefully  controlled 
in  all  stages,  eliminating,  as  far  as  possible,  all  variables  except  those 
to  be  studied.  Over  a  period  of  several  years  he  made  experi- 
mental packs  of  corrosive  fruits  in  plain  and  enamelled  cans  made 
of  different  tinplate  containing  various  amounts  of  carbon,  phos- 
phorus, sulphur,  silicon,  copper,  manganese,  nickel  and  chromium. 
Within  the  limits  in  which  they  are  usually  present  in  tinplate  steel, 
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carbon,  sidphur  and  manganese  did  not  prove  to  have  any  com- 
mercial significance.  Phosphorus,  silicon  and  copper  had  pro- 
nounced effects  on  the  corrosion  resistance  of  the  cans,  the  first  two 
being  of  greater  influence  in  enamelled  cans  and  the  last  in  plain 
cans.  Increasing  amounts  of  phosphorus  and  silicon  in  the  steel 
base  were  detrimental  to  the  service  life  of  the  containers,  whilst 
copper  had  a  favourable  or  unfavourable  effect,  depending  on  the 
product  packed.  Since  the  detrimental  effects  of  copper  were 
usually  more  obvious  than  the  beneficial  ones,  the  author  is  of  the 
opinion  that  a  tinplate  made  from  a  steel  base  low  in  phosphorus 
(max.  0*015%),  copper  (max.  0*06%)  and  residual  silicon  is  more 
desirable  for  strongty  corrosive  p]X>ducts.  A  few  tests  with  two 
qualities  of  tinplate  steel  containing  0*19%  of  chromium  and  0*13% 
of  nickel  respectively,  seemed  to  indicate  that  the  presence  of  these 
two  elements  may,  in  certain  instances,  be  detrimental  to  corrosion 
resistance. 
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Manganese,  Chromiiun  and  Niekd  in  18/8  Alloy  Steels.    L. 

Silverman  and  O.  Gates.  (Industrial  and  Engineering  Chemistry, 
Analytical  Edition,  1940,  vol.  12,  Sept.,  pp.  518-519).  The  authors 
have  adapted  the  method  for  the  determination  of  manganese  in 
steel  suggested  by  Sandell,  Kolthoff  and  Lingane  {see  Joum.  I.  and 
S.I.,  1935,  No.  IT.,  p.  529)  to  the  analysis  of  18/8  steels,  in  such  a  way 
that,  after  the  titration  of  manganese,  the  same  solution  can  be  used 
for  the  titration  of  chromium  and  nickel,  the  former  being  deter- 
mined by  the  ferrous  sulphate  and  the  latter  by  the  cyanide  method. 
Silicon,  molybdenum,  niobium  and  phosphorus  do  not  interfere,  and 
the  authors  describe,  as  an  example,  the  procedure  followed  in  the 
complete  analysis  of  an  18/8  steel  containing  these  elements. 

The  Determination  of  Phosphorus  in  ntauinm  Steels.  A.  T. 
Etheridge  and  D.  H.  Higgs.  (Analyst,  1940,  vol.  65,  Sept.,  pp. 
496-498).  The  authors  have  developed  a  method  which  allows  the 
determination  of  phosphorus  in  titanium  steels  without  preUminary 
removal  of  the  titanium,  provided  that  the  amount  of  the  latter 
does  not  exceed  1%.  They  suggest  the  following  procedure :  A 
2-g.  sample  is  dissolved  in  45  ml.  of  nitric  acid  (sp.  gr.  1*2)  and  oxid- 
ised with  permanganate  solution,  the  excess  of  which  is  destroyed 
with  sodium  or  potassium  nitrite.  After  adding  50  ml.  of  con- 
centrated  nitric  acid  (sp.  gr.  1«42)  the  solution  is  boiled  for  1  min. 
Then  50  ml.  of  a  molybdate  solution  containing  55  g.  of  ammonium 
molybdate,  50  g.  of  ammonium  nitrate  and  40  ml.  of  ammonia 
(sp.  gr.  0-95)  per  litre  are  added.  The  mixture  is  stirred  vigorously 
for  some  minutes  with  a  policeman  rod,  and  after  standing  for  about 
30  min.  the  precipitate  is  filtered  off  and  dealt  with  in  the  usual  way. 
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The  Spekker  Steelosoope.  (Wild-Barfield  Heat-Treatment 
Journal,  1940,  vol.  4,  Sept.,  pp.  20-21).  A  brief  description  is  given 
of  a  simplified  form  of  spectroscope  known  as  the  "  Spekker  Steelo- 
scope  "  which  is  intended  for  the  rapid  detection  of  such  elements 
as  nickel,  chromium,  molybdenum,  manganese,  tungsten,  cobalt, 
cadmium  and  vanadium  which  are  present  in  the  more  common 
alloy  steels.  The  eye-piece  is  the  only  moving  part  of  the  instrument 
and  the  determination  of  the  elements  is  stUl  further  facilitated  by 
the  scale  engraved  with  the  chemical  symbols.  The  apparatus 
requires  little  skill  and  after  a  few  days  practice  an  operator  can 
classify  a  specimen  of  steel  in  30-60  sec. 

A  Semi-Micro  Mefhod  for  the  Determination  of  Carbon  and 
Hydrogen  in  Coals.  R.  Belcher  and  F.  Smith.  (Fuel,  1940,  vol.  19, 
Sept.,  pp.  181-183).  Priedrich's  micro  method  for  the  determina- 
tion of  carbon  and  hydrogen  in  organic  compounds  (published  in 
Mikrochemie,  1932,  vol.  10,  p.  329)  has  been  adapted  by  the  author 
for  use  as  a  semi-micro  method  for  the  determination  of  these  two 
elements  in  coal.  The  method  proved  to  be  rapid  and  to  give 
results  comparable  with  those  obtained  by  the  standard  method. 
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(Continued  from  pp.  36  a-37  a) 

American  iNSTrruTB  of  Minino  and  Mbtalluboical  Engineers. 
**  Tranaactiona,  volume  140.  Iron  and  Steel  Division,*'  1940. 
8vo.    Pp.  611.    New  York  :  The  Institute.     (Price  $5.00). 

This  volume  contains  papers  with  complete  discussion  presented 
to  the  Iron  and  Steel  Division  at  meetings  held  at  New  York,  Feb., 
1939;  Cleveland,  April,  1939;  Chicago,  Oct.,  1939  and  New  York, 
Feb.,  1940.  There  are  22  papers  in  addition  to  Dr.  C.  H.  Herty's  Howe 
Memorial  Lecture  entitled  Slag  Control*'  and  a  report  of  a  round- 
table  discussion  on  Experimental  Methods  in  the  Study  of  Steelmaking, 
at  which  methods  for  the  analysis  of  gases  and  inclusions,  slag-metal 
reactions,  gas-metal  recK^tions,  temperature  measurement  of  molten 
iron  and  steel,  methods  for  the  study  of  slag  composition  and  charac- 
teristics, and  the  application  of  these  to  practical  open-hearth  problems 
were  dealt  with.  Abstracts  of  all  the  papers  contained  in  the  volume 
are  to  be  found  in  the  Bulletin  of  the  Iron  and  Steel  Institute.  A  com- 
plete list  of  the  papers  is  as  follows  :  Slag  Control,  by  C.  H.  Herty,  jun. 
(Howe  Memorial  Lecture) ;  Effect  of  the  Solution-Loss  Reactions  on 
Blast-Fumace  Efficiency,  by  P.  V.  Martin ;  Effect  of  the  Volume  and 
Properties  of  Boe^  and  Hearth  Slag  on  Quality  of  Iron,  by  G.  E. 
Steudel ;  Desulphurisation  of  Pig  Iron  with  Calcium  Carbide,  by  C.  E. 
Wood,  E.  P.  Barrett  and  W.  F.  Holbrook;  Reduction  of  Iron  Ores 
under  Pressure  by  Carbon  Monoxide,  by  M.  Tenenbaum  and  T.  L. 
Joseph ;  Experimental  Methods  in  the  Study  of  Steelmaking,  Round 
Table;  Slag-Metal  Relationships  in  the  Basic  Open-Hearth  Fiunace, 
by  K.  L.  Fetters  and  J.  Chipman;  Equilibria  in  Liquid  Iron  with 
Carbon  and  Silicon,  by  L.  S.  Darken;    The  Solubility  of  Nitrogen  in 
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Molten  Iron-Silicon  Alloys,  by  J.  G.  Vaughan,  jun.  and  J.  Chipman; 
Formation  of  Inclusions  in  Steel  Castings,  by  W.  Crafts,  J.  J.  Egan  and 
W.  D.  Forgeng;  Heat  Capacity  of  Iron  Carbide  from  68*  to  298**  K. 
and  the  Thermodynamic  Properties  of  Iron  Carbide,  by  H.  Seltz,  H.  J. 
McDonald  and  C.  Wells ;  Rate  of  Difiiision  of  Ceirbon  in  Austenite  in 
Plain  Carbon,  in  Nickel  and  in  Manganese  Steels,  by  C.  Wells  and 
R.  F.  Mehl ;  Crystallography  of  Austenite  Decomposition,  by  A.  B. 
Greninger  and  A.  R.  Troiano ;  Study  of  Lattice  Distortion  in  Plastically 
Deformed  Alpha  Iron,  by  N.  P.  Goss;  Crystal  Orientation  in  Silicon- 
Iron  Sheet,  by  J.  T.  Burwell;  Some  Observations  on  the  Recrjrstal- 
lisation  of  an  Iron-Nickel  Alloy,  by  G.  Sachs  and  J.  ^retnak ;  Mimetic 
Analyses  of  Transformations  in  a  Cold-worked  18/8  Alloy,  by  R.  Buehl, 
H.  Hollomon  and  J.  Wulfif;  The  Nature  of  Passivity  in  Stainless  Steels 
and  Other  Alloys,  III.-Time-Potential  Data  for  Ci>-Ni  and  Civ-Ni-Mo 
Steels,  by  H.  H.  XJhlig;  Pitting  of  Stainless  Steels,  by  H.  H.  Uhlig; 
Effects  of  Low-Temperature  Heat  Treatment  on  Elastic  Properties  of 
Cold-Rolled  Austenitic  Stainless  Steels,  by  R.  Franks  and  W.  O. 
Binder;  Effects  of  Temperature  of  Pre-Treatment  on  Creep  Charac- 
teristics of  18/8  Stainless  Steel  at  eOO**  to  800''  C,  by  C.  R.  Austin  and 
C.  H.  Samans ;  A  New  Instrument  for  the  Magnetic  Determination  of 
Carbon  in  a  Steel  Bath,  by  H.  K.  Work  and  H.  T.  Clark;  Tensile 
Strength  and  Composition  of  Hot-Rolled  Plain  Carbon  Steels,  by 
C.  F.  Quest  and  T.  S.  Washburn ;  Precipitation-Hardening  of  a  Com- 
plex Copper  Steel,  by  J.  W.  Halley. 

BiXBN,  D.  L.  "  The  Economic  History  of  Steelmaking,  1867-1939. 
A  Study  in  Competition."  8vo.  Pp.  648.  Cambridge,  1940  : 
The  University  Press.     (Price  £1  75.  6(1.) 

A  modem  war  cannot  be  conducted  without  ample  supplies  of  steel, 
oil  and  foodstuffs.  Steel  is  the  foundation  upon  which  all  industries 
producing  ships,  armaments  and  munitions  are  built.  A  year  ago  we 
hoped  and  expected  that  Germany's  war  effort  would  suffer  through 
lack  of  steel,  but  by  the  occupation  of  Norway,  Belgium,  Luxemburg 
€uid  Lorraine  she  secured  ample  supplies  of  the  raw  material  and  a 
large  increase  in  iron-  and  steel-producing  plants.  Since  then  we, 
rather  than  the  Germans,  have  been  the  sufferers,  though  the  relative 
scarcity  is  more  an  anxiety  than  a  menace. 

When  the  war  is  over  the  steel  industry  will  probably  become  a 
political  problem  of  the  first  importance.  We  are  not  likely  to  eJlow 
our  strategic  position  to  be  weakened  by  the  decline  of  the  industry 
under  the  pressure  of  foreign  competition.  Steel  production  will  be 
regarded  as  a  *'  key  "  industry,  to  be  fostered  at  all  costo.  An  island 
that  does  not  nmintain  a  large  and  progressive  steel  industry  cannot 
hope  te  defend  itself  successfully  against  a  highly  industrialised  enemy 
country. 

It  is  possible  that  the  post-war  world  demand  for  steel  will  be  so 
great  as  to  secure  the  prosperity  of  the  British  industry  for  several 
years.  During  the  war  of  1914-18  the  world's  producing  capacity 
increased  to  such  an  extent  that  a  substckntial  reduction  was  oenerally 
regarded  as  inevitable  to  restore  the  balances;  but  the  twenties 
proved  to  be  a  dec€ule  of  even  greater  expcmsion  in  the  United  States 
of  America,  te  meet  the  growing  needs  of  the  building  and  motor- 
vehicle  industries.  History  may  repeat  itself.  The  rebuilding  of 
Great  Britain  and  of  other  cotmtries  will  mean  a  large  and  continuing 
demand  for  structural  steel.  Nor  is  that  the  only  market  likely  to  expand. 

But  a  growing  world  demand  for  steel,  though  favourable  te  the 
British  industry,  will  not  itself  guarantee  prosperity.  The  expanding 
twenties,  which  fostered  the  growth  of  the  American  industry  and 
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witnessed  the  reconstruction  of  the  German  industry,  proved  to  be 
an  unhappy  period  for  the  British  industry.  In  spite  of  several 
financial  reorganisations,  its  competitive  position  grew  steadily  worse, 
and  when  the  Great  Depression  brought  tanfiEs  to  its  aid  it  also  created 
a  new  relationship  with  the  State  and  its  agencies.  The  recovery  that 
followed  added  materially  to  our  strength  in  the  present  war. 

If  we  cannot  again  take  the  same  risks,  it  is  ciear  that  the  position 
of  the  steel  industry  and  its  relationship  to  the  State  will  present  a 
domestic  problem  of  outstanding  importance.  If  we  are  to  under- 
stemd  and  solve  the  problem,  we  must  know  the  history  of  the  past, 
peu:ticularly  that  of  the  inter-war  period.  Mr.  D.  L.  Bum  has  per- 
formed an  invaluable  service  by  giving  precisely  that  information 
which  the  statesman  and  the  public  require  for  their  guidance. 

It  is  impossible,  in  a  short  review,  to  do  justice  to  the  most  satis- 
factory monograph  upon  the  economic  development  of  the  steel 
industry  that  heu3  yet  been  published  in  this  country.  To  select  one 
or  two  details  for  extended  conunent  might  convey  a  false  impression 
of  the  character  of  the  book,  which  is  more  than  the  *  ^  study  in  com- 
petition,** indicated  in  the  sub-title.  In  fact,  it  is  a  comparative  study 
of  the  industry  in  Great  Britain,  Germany  and  the  United  States  over 
a  period  of  about  seventy  years ;  at  least  it  gives  us  sufficient  about 
our  competitors  to  provide  a  stemdard  of  judgment  of  our  own  methods. 
Problems  of  location,  technical  structure  and  capital  organisation  are 
examined  as  bearing  upon  the  more  fundamental  problems  of  efficiency 
or  real  cost.  The  reader  will  find,  too,  a  careful,  if  not  interestingly 
written  account  of  traditions  as  represented  by  hereditary  or  family 
control.  Such  tests  as  the  reviewer  was  able  to  apply  by  virtue  of 
personal  knowledge  of  small  comers  of  the  field  of  investigation  inspired 
confidence  in  the  accuracy  of  the  work  as  a  whole,  althouj^  a  con- 
versation with  Herr  Thyssen,  some  years  ago,  sug^^ested  that  unportant 
changes  were  taking  place  in  the  German  organisation  subsequent  to 
the  last  described  by  Mr.  Bum.  If  one  may  ventiune  a  criticism  of  a 
book  describing  the  results  of  elaborate  and  highly  competent  research, 
it  is  that  while  generalisation  is  eJways  to  be  found  it  has  to  be  sought 
amid  a  great  mass  of  detcdl.  If,  at  appropriate  stages,  the  author  ^sbd 
boldly  summarised  the  broad  trends  and  conclusions,  the  book  would 
have  been  more  heli)ful  to  those  who  are  more  interested  in  broad 
issues  of  policy  than  in  the  technicalities  of  the  industry. 

To  those  likely  to  be  responsible  for  the  policy  of  the  industry  in 
days  to  come  the  most  interesting  chapter  is  the  last,  which  gives  a 
long  and  careful  account  of  the  steps  taken  to  reconstruct  the  industry 
after  the  Great  Depression  and  the  introduction  of  import  duties  upon 
steel  and  steel  products.  The  description  of  the  part  played  by  the 
May  Committee,  following  the  report  of  the  Sankev  Committee,  and 
of  the  pressure  exerted  by  the  existence  of  *^  special  *  areas  (of  extreme 
depression)  leaves  little  to  be  desired — ^which  is  high  praise  when  we 
recall  the  contrbversial  character  of  the  issues.  '  The  book  will  imme- 
diately take  its  rightful  place  as  the  standard  work  upon  the  subject 
and  be  accepted,  by  economists,  as  a  contribution  of  real  importance 
to  recent  economic  history.  J.  H.  Jon£S. 

Imperial  Institute.  Mineral  Resources  Department.  "Chrome 
Ore  and  Chromium.'*  By  Robert  Allen  and  G.  F.  Howling. 
(Reports  on  the  Mineral  Industry  of  the  British  Empire  and 
Foreign  Countries).  8vo.  Pp.  118.  London  1940:  The 
Imperial  Institute.     (Price  28.  6d.). 

This  Monograph  discusses  the  mining  and  dressing  of  chrome 
ore,  its  utilisation,  marketing  and  prices,  and  the  world's  production. 
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The  main  bulk  of  the  book,  however,  is  devoted  to  the  ocounenoa  of 
chrome  ore  both  in  the  British  Empire  and  foreign  countries,  no  less 
than  43  different  countries  being  dealt  with.  The  British  Empire  is 
very  strongly  situated  in  regard  to  supplies  of  this  strategic  nuneral. 
Southern  Khodesia  and  the  Union  of  South  Africa  being  among  the 
world's  leading  producers.  Just  prior  to  the  present  war,  about  one- 
third  of  the  world's  output  came  from  British  countries  and  two- 
thirds  was  produced  by  companies  under  British  contjroL  Some 
measure  of  the  rapidly  increasing  use  of  chrome  ore  may  be  gathered 
from  the  fact  that  the  world's  output  rose  from  less  than  260,000  tons 
to  more  than  1,000,000  tons  during  the  period  between  the  close  of  the 
war  of  1914-1918  and  the  outbreak  of  we  present  war. 

The  Monograph  contains  a  laige  number  of  statistical  tables  of 
production  and  trade,  and  concluc&e  with  a  selected  list  of  references 
for  more  detailed  reading. 
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(Continued  from  pp.  39  a-41a) 

The  Production  of  Highly  Refractory  Chrome-Dolomite  Material 
and  Tests  Hade  on  it  mider  Service  Conditions.  P.  P.  Budnikov, 
M.  S.  Feygin,  I.  I.  Susidko  and  E.  I.  Yudin.  (Metallurg,  1939, 
No.  10-11,  pp.  54-59).  (In  Russian).  Following  some  remarks 
regarding  the  difficulties  attaching  to  the  production  of  stable 
dolomite-base  refractories,  the  authors  describe  the  production  of  a 
refractory  dolomite  clinker  stabilised  by  additions  of  quartzite  and 
chrome  ore.    The  analyses  of  the  raw  material  used  were  : 

Silica  % 
Alumina  %   . 
Ferric  oxide  % 
Ferrous  oxide  % 
Lime  % 
Magnesia  % 
Chromic  oxide  % 
Alkalis  %      . 
Sulphur  trioxide  % 
Loss  on  ignition  % 

The  amount  of  chrome  ore  was  varied  between  3%  and  20% 
(calculated  on  the  basis  of  the  burnt  dolomite)  and  that  of 
the  quartzite  was  5%  or  more.  The  finely  ground  mixture  was 
moistened  with  water  (8%)  and  pressed  into  cylindrical  briquettes 
which  were  fired  at  a  maximum  temperature  of  1560-1580°  C.  for 
1  hr.  It  was  found  that  an  addition  of  at  lecust  18-20%  of  chrome 
ore  was  necessary  to  obtain  a  stable  product.  A  specimen  con- 
taining silica  10-98%,  ferric  oxide  2-31%,  lime  37-97%,  magnesia 
35-96%  and  chromic  oxide  6-62%,  could  resist  temperatures  of  more 
than  1900°  C.  Under  a  load  of  2  kg.  per  sq.  cm.  deformation  set 
in  at  1520°,  and  was  complete  at  1610°  C.  The  finely  ground  product 
was  found  to  possess  cementing  and  hydraulic  properties.  For 
bricks,  the  chrome-dolomite  clinker  was  bonded  with  chrome- 
dolomite  cement  and  mixed  with  8%  of  water.  The  air-dried 
bricks  had  the  following  properties :  Refractoriness  1900°  C. ; 
mechanical  strength  (resistance  to  crushing)  after  one  day  60  kg. 
per  sq.  cm.,  after  four  days  98  kg.  per  sq.  cm.,  after  seven  days 
175  kg.  per  sq.  cm.,  and  after  twenty-eight  days  270  kg.  per  sq.  cm. ; 
deformation  under  a  load  of  2  kg.  per  sq.  cm.  set  in  at  1450°  C.  and 
the  brick  disintegrated  at  1590°  C. ;  absorption  of  water  5-5-6-5 ; 
porosity    15-17%    by   volume;     bulk   density   2-64-2-67;     0-8% 
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shrinkage  on  heating  for  1  hr .  at  1400°  C.  A  measure  of  its  resistanoe 
to  spallmg  was  the  fact  that  it  coidd  be  heated  to  850°  C.  and  cooled 
in  air  twenty-eight  times  without  failure.  Tests  under  service 
conditions  in  an  electric  fiimace  and  in  the  side  and  end  walls  of 
an  open-hearth  furnace  are  described.  These  demonstrated  the 
excellent  behaviour  of  the  air-dried  bricks,  which,  however,  proved 
unsuitable  for  lining  casting  ladles. 

A  New  Slag-Tesong  Fuxnaoe.  J.  C.  McMullen.  (Bulletin  of  the 
American  Ceramic  Society,  1940,  vol.  19,  Nov.,  pp.  439-442). 
The  author  describes  a  furnace  and  testing  procedure  for  investi- 
gating the  action  of  slag  on  a  section  of  a  9-in.  refractonr  brick  at 
temperatures  up  to  1600°  C.  For  the  test  in  question,  the  slag,  in 
the  form  of  rods  ^  in.  in  dia.,  was  fed  automatically  into  the  furnace 
so  as  to  melt  and  drip  directly  on  to  the  brick.  After  running  down 
the  face  of  the  brick,  the  dag  is  caught  in  sand  on  the  nimace 
bottom.  On  completion  of  the  test,  me  specimen,  the  spent  slag 
and  the  sand  were  easily  removed,  leaving  the  furnace  cleaji.  Some 
advantages  of  this  method  of  testing  slag  are  :  (1)  It  has  a  wide 
range  of  applicability  and  at  the  same  time  it  is  economical,  rapid 
and  easy,  and  the  apparatus  is  compact ;  (2)  it  gives  reproduciole 
results ;  and  (3)  it  is  possible  to  control  the  conditions  with  respect 
to  temperature,  atmosphere,  slag  composition,  slag  viscosity,  rate 
of  flow  of  the  slag  and  complete  removal  of  the  slag. 

The  All-Basic  Open  Hearth.  J.  H.  Chesters.  (Iron  Age,  1940, 
vol.  146,  Aug.  15,  pp.  35-37 ;  Aug.  22,  pp.  39-41).  The  author 
reviews  the  progress  that  has  been  made  in  the  development  of  all- 
basic  open-hearth  furnaces.  Rapid  progress  has  been  made  in  the 
production  of  volume-stable  chrome-magnesite  bricks  with  a  high 
thermal-shock  resistance  and  high  refractoriness  under  load.  These 
bricks  are  still  liable  to  "  burst  "  owing  to  the  formation  of  a  solid 
solution  of  iron  oxide  in  the  chrome  ore,  but  if  adequate  attention 
is  given  to  details  of  design,  in  particular  to  the  springing  and 
suspension  of  the  roof,  all-basic  furnaces  can  be  built  that  will 
operate  for  long  periods.  The  use  of  such  furnaces  will  permit  of 
higher  working  temperatures  with  consequent  greater  output,  will 
reduce  shut-down  time,  will  lessen  the  quantity  of  slag,  and  will 
reduce  the  amount  of  fettling  material  used.  The  first  installations 
in  England  had  relatively  short  lives,  but  much  better  results 
have  since  been  obtained,  the  record  furnace  having  done  over 
1300  casts.  Further  improvements  in  roof  design,  together  with 
the  replacement  of  some  of  the  chrome-magnesite  bricks  in  all-basic 
furnaces  by  non-spalling  dolomite  bricks  (or  other  basic  bricks  of  lower 
price),  will  hasten  the  day  when  this  type  of  construction  becomes 
the  rule  rather  than  the  exception. 

Belractory  Lite  in  Electric-Arc  Melting  of  Steel  and  Alloys. 
J.  H.  Chivers.  (Bulletin  of  the  American  Ceramic  Society,  1940, 
vol.  19,  Nov.,  pp.  442-443).  The  author  discusses  the  tvpes  of 
refractories  used  in  acid  and  basic  electric-arc  furnaces,  the  con- 
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struction  of  the  lining  and  the  furnace  shell,  and  the  effect  of  varying 
the  voltage  on  the  life  of  the  lining.  The  furnaces  are  usually 
designed  so  that  three  different  voltages,  called  the  high,  inter- 
mediate and  low  taps,  can  be  applied.  The  author  favours  the  use 
of  low  voltages  with  a  correspondingly  high  amperage,  as  this 
permits  of  the  furnace  being  kept  on  the  high  tap  for  a  longer 
period,  thus  decreasing  the  melting  time. 

An  Examination  of  Saumples  ol  Silica  Brickwork  Taken  bom  a 
Vertical  Betort  and  Showing  Evidence  of  Ptonoonced  AUcali  Attack. 
F.  H.  Clews,  W.  Hugill,  and  A.  T.  Green.  (Transactions  of  the 
British  Ceramic  Society,  1940,  vol.  39,  Nov.,  pp.  337-344).  The 
authors  examined  the  brickwork  of  a  retort  which  had  been  used 
at  a  gasworks  for  seven  years  at  moderate  temperatures.  During 
the  first  four  years  coals  containing  an  average  of  0*66%  of  sodium 
chloride  had  been  carbonised.  In  the  following  three  years  they 
had  been  mixed  in  equal  parts  with  another  quality  containing 
only  about  0-1%  of  sodium  chloride.  The  ill-effects  due  to  the 
exceptionally  high  salt  content  of  the  coals  were  mainly  found  at 
the  flue  side  of  the  retort  wall.  The  authors  consider  the  deleterious 
effect  of  sodimn  chloride  due  to  three  causes,  viz. :  (1)  The  forma- 
tion of  low-melting-point  silicates,  resulting  in  thinning  by  erosion 
at  the  zones  of  maximum  temperature ;  (2)  interaction  of  alkali  salts 
with  the  brickwork  at  the  zones  of  Tninimnnn  temperature,  causing 
expansion  with  consequent  disruption  of  the  structure ;  and  (3)  a 
general  decrease  in  refractoriness  of  the  retort  brickwork. 

Effect  of  Water  Content  and  IDsdng  Time  on  Properties  of  Air- 
Setting  Refractory  Mortars  Containing  Sodium  Silicate.  B.  A. 
Heindl  and  W.  L.  Pendergast.  (Bulletin  of  the  American  Ceramic 
Society,  1940,  vol.  19,  Nov.,  pp.  430-434).  The  authors  determined 
the  relation  between  the  strength  after  drying  and  the  moisture 
content  of  the  following  refractory  materials :  (a)  An  Ohio  fireclay ; 
(6)  a  mixture  of  this  clay  and  grog ;  and  (c)  this  mixture  with  an 
addition  of  a  solution  of  sodiimi  silicate.  It  was  found  that  the 
strengths  after  drying  increased  at  first,  and  then  decreased  as 
water  was  added  to  (mange  the  consistency  from  a  very  stiff  to  a 
somewhat  fluid  state.  The  consistency  at  maximum  strength  was, 
however,  far  too  stiff  for  trowelling.  Mixture  (c)  increased  in 
strength  but  decreased  in  workability  as  the  mixing  time  was 
increased  from  2  hr.  to  5  hr.  Some  additional  tests  demonstrated 
that  specimens  made  from  mortars  stored  in  sealed  iron  drums 
were  relatively  strong  after  storage  from  two  to  five  years,  whereas 
when  the  specimens  were  prepared  from  mortars  stored  in  jute 
sacks  lined  with  moisture-proof  paper,  their  strength  was  weak 
after  only  three  months'  storage. 


88  A  FUEL. 


FUEL 


(Continued  from  pp.  41  A-42  a) 

Flame  Temperature.  B.  Lewis  and  G.  von  Elbe.  (Journal  of 
Applied  Physics,  1940,  vol.  11,  Nov.,  pp.  698-706).  The  authors 
discuss  the  temperatures  of  flames  produced  during  the  use  of 
fuels  for  heating  and  the  generation  of  power.  They  distinguish 
between  the  theoretical  and  the  experimental  flame  temperature, 
the  former  corresponding  to  complete  statistical  equilibrium,  the 
latter  to  equilibrium  in  the  translational  degrees  of  freedom.  In 
industrial  furnaces  the  diflFerence  between  these  two  temperatures 
should  be  negligible.  Experimental  flame  temperatures  con- 
siderably higher  than  the  theoretical  temperatiu'es  were  observed 
only  for  fast  flames,  such  as  hydrogen  and  coal-gas  flames,  in  closed 
vessels.  The  authors  point  out  that  the  temperature  difference  in 
these  cases  is  due  to  excitation  lag  in  the  internal,  presumably 
vibrational,  degrees  of  freedom.  They  describe  various  methods 
for  the  determination  of  flame  temperatures,  in  particular  that 
known  as  the  line-reversal  method,  as  well  as  some  methods  involving 
the  measurement  of  the  brightness  and  the  absoiptivity  in  the 
infra-red,  the  use  of  thermocouples  or  a  series  of  progressively 
thinner  wires  with  extrapolation  of  the  wire  temperatures  obtained 
to  zero  thickness.  They  consider  soot-forming  luminous  flames, 
which  they  regard  as  being  in  complete  statistical  equilibrimn,  the 
temperature  difference  between  soot  particles  and  the  surrounding 
gas  being  negligible,  and,  in  conclusion  review  the  methods  appUcable 
to  the  determination  of  the  temperatiu^  and  emissivity  of  such 
flames. 

Some  Modem  Applications  of  Boilers  in  Steel  Mills.  D.  N. 
Mauger.  (Iron  and  Steel  Engineer,  1940,  vol.  17,  Oct.,  pp.  40-48). 
The  author  reviews  the  developments  in  steam-boiler  design  and 
practice  which  have  taken  place  at  American  steelworks  in  recent 
years.  He  illustrates  and  discusses  a  number  of  boilers  of  very 
modern  design  and  analyses  thirty-four  proposals  for  boiler  plant 
submitted  by  the  iron  and  steel  industry  during  the  last  three 
years.  This  analysis  shows  that  about  one-half  were  in  favour  of 
low-pressure  plant.  The  choice  of  fuels  is  also  of  interest ;  the 
number  of  proposals  in  favour  of  each  fuel  were  :  Pulverised  coal 
alone,  12 ;  pulverised  coal  and  blast-furnace  gas,  5 ;  pulverised  coal 
and  coke-oven  gas,  2 ;  blast-furnace  gas  alone,  3 ;  coal  or  coke  breeze 
on  chain-grate  stokers,  11 ;  and  natural  gas,  1. 

The  Corran-Knowles  Process.  R.  F.  Haanel,  E.  J.  Burrough 
and  R.  A.  Strong.  (Coke  and  Smokeless-Fuel  Age,  1940,  vol.  2, 
Oct.,  pp.  222-225  ;  Nov.,  pp.  242-244,  248).  The  authors  describe 
the  Curran-Knowles  plant  at  West  Frankfurt,  Illinois,  and  some 
tests  made  there  with  Canadian  coals.     Some  particulars  of  the 
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plant  and  process  have  already  been  given  in  a  paper  entitled 
**  Advantages  of  Coal  Carbonization  as  Exemplified  in  the  Curran- 
Knowles  Process  "  by  M.  D.  Curran.  (^Sfee  Joum.  I.  and  S.I.,  1940, 
No.  I.,  p.  175  A). 

Changing  the  Fuel  of  Industrial  Fomaoes.  M.  Tigerschiold. 
(Jemkontorets  Annaler,  1940,  vol.  124,  No.  9,  pp.  483-610).  (In 
Swedish).  The  author,  after  reviewing  the  fuel  situation  created 
in  Sweden  by  the  present  war,  discusses  the  properties  of  Sweden's 
indigenous  fuels,  namely  wood,  wood  tar  and  peat.  He  describes 
next  a  number  of  gas  generators  for  use  with  wood,  with  special 
reference  to  one  designed  by  A.  Olsson.  In  conclusion  he  gives 
some  practical  examples  of  how  furnaces  have  been  adapted  for 
heating  with  a  fuel  different  from  that  for  which  they  were  originally 
intended. 

Gas  Uizing  and  Distribation  at  Great  Lakes  Steel  Corporation. 
W.  H.  Collison  and  F.  C.  Frye.  (Iron  and  Steel  Engineer,  1940, 
vol.  17,  Oct.,  pp.  18-25,  38).  As  a  result  of  expansion  of  and 
improvements  to  the  plant  of  the  Hanna  Furnace  Division  of  the 
Great  Lakes  Steel  Corporation  more  coke-oven  and  blast-furnace 
gas  has  become  available.  In  the  present  paper  the  authors  describe 
the  provision  made  for  cleaning,  mixing  and  distributing  these 
gases. 
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(Continued  from  pp.  42  A-45  a) 

Smelting  of  Jehol  Titaniferous  Iron  Ore.  F.  Kakiuchi.  (Tetsu 
to  Hagane,  1940,  vol.  26,  Feb.  25,  pp.  89-94).  (In  Japanese). 
The  author  describes  some  experiments  on  the  reduction  of  Jehol 
titaniferous  iron  ore  which  contains  about  50%  of  iron,  13-14% 
of  titanium  dioxide  and  0-3-0-56%  of  vanadium  pentoxide. 

Reduction  of  Purple  Ore.  Y.  Fujii  and  S.  Taniguchi.  (Tetsu  to 
Hagane,  1940,  vol.  26,  Jan.  25,  pp.  1-13).  (In  Japanese).  The 
authors  describe  some  experiments  on  methods  of  reducing  a  purple 
ore  containing  60%  of  iron,  10%  of  silica,  1-2%  of  phosphorus  and 
0- 1-0*25%  of  copper.  From  the  results  obtained  they  considered 
that  sponge  iron  and  lumps  could  be  produced  from  the  ore  on  an 
industrial  scale  in  a  rotary  kiln,  a  tunnel  kiln  or  a  reverberatory 
furnace,  using  carbon  monoxide  and  solid  carbon  at  very  high 
temperatures. 

The  Charooal  Iron  Industry  of  Powsrs  Land.  A.  S.  Davies. 
(Reprinted  from  Montgomeryshire  Collections,  1939).  A  descrip- 
tive account  is  given  of  the  iron  industry  of  Powys  Land  in  Wales 
in  the  period  from  about  1670  to  1840.  Several  of  the  forges  and 
processes  are  described. 


_:i.J«^hl«iaili3iAd.Jtai 


90  A  FOUNDSY  FBAOnOE. 

Henry  Ck>rt's  Bicentenary.  H.  W.  Dickinson.  (Newcomen 
Society,  Nov.  13,  1940).  The  author  presents  an  acoount  of  the 
Ufa  and  work  of  Henry  Cort  (1740-1800),  who  greatly  improved  the 
arts  of  refining  iron  by  puddling  witii  mineral  coal  and  of  rolling 
metals  in  grooved  rolls.  Cort's  forge  and  mills  were  at  Fontley, 
near  Gk>sport,  Hampshire,  and  most  of  his  work  was  under  contract 
for  the  Portsmouth  Dockyard. 

Prehistoric  and  Primitive  Iron  Smelting,  E.  W.  Hulme.  (New- 
comen Society  :  Engineering,  1940,  vol.  150,  Dec.  20,  pp.  498-^600). 
In  this,  the  second  part  of  ms  paper  (see  Joum.  I.  and  S.I.,  1938, 
No.  II.,  p.  202  a),  the  author  describes  the  crucible  processes  of 
iron  smelting  as  applied  in  the  Far  East  firom  1200  B.C.,  dealing 
•separately  with  the  processes  used  in  China,  India,  Ceylon  and 
Japan.  He  comes  to  the  conclusion  that,  on  the  whole,  these  old 
processes  may  be  described  as  more  flexible  than  those  of  con- 
temporary Europe. 
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(Continued  from  pp.  45  a-48  a) 

Medium  Manganese  Steeb  in  the  Foundry*  H.  Taylor. 
(Metallurgia,  1940,  vol.  23,  Nov.,  pp.  1-2).  The  author  recommends 
the  use  of  pearlitic  medium-manganese  steels  containing  1-3%  of 
manganese  for  castings,  pointing  out  that  their  cost,  in  comparison 
with  other  low-alloy  steels,  is  Tow,  and  that  the  mechanical  pro- 
perties of  the  former  bear  favourable  comparison  with  those  oi  the 
latter.  He  gives  some  indication  as  to  the  efifect  of  various  methods 
of  heat  treatment  on  these  steels. 

Cast  Steel  Gears.  W.  J.  PhiUips  and  T.  D.  West.  (Steel,  1940, 
vol.  107,  Oct.  21,  pp.  48-50).  The  authors  describe  the  correct 
moulding  technique  with  regard  to  the  position  of  the  risers  when 
casting  gear  blanks  of  low-aUoy  steel. 

Mraem  Ck>re  Ovens.  H.  M.  Lane.  (Iron  Age,  1940,  vol.  146, 
Oct.  17,  pp.  42-45).  The  author  describes  recent  developments 
in  the  design  of  core-dr3dng  ovens  and  makes  some  practical  sug- 
gestions for  the  improvement  of  existing  ovens  by  installing  forced 
circulation  and  gas-mixing  devices. 

Some  Points  in  Casting  Production.  E.  Longden.  (Institute 
of  British  Foundrjrmen  :  Foundry  Trade  Journal,  1940,  vol.  63, 
Dec.  12,  pp.  379,  382 ;  Dec.  19,  pp.  397-400).  In  the  first  part  of 
his  paper,  the  author  discusses  in  an  elementajy  way  the  effects  of 
carbon,  silicon,  phosphorus  and  manganese  on  the  properties  of 
cast  iron.  In  the  second  part,  he  describes,  with  numerous  illus- 
trations, the  method  he  adopted  for  the  casting  of  three  large  borinff 
bars  43  fb.  long  and  15  in.  in  dia.,  45  ft.  long  and  18  in.  in  dia.,  and 
47  fb.  long  and  22  in.  in  dia.,  respectively. 
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Foundry  ProUems.  B.  Hird.  (Foundry  Trade  Journal,  1940, 
vol.  63,  Nov.  28,  pp.  349--350).  The  author  describes  some  di£5i- 
culties  which  arose  in  making  three  different  iron  castings  because 
of  occluded  gases,  and  the  moulding  technique  which  was  developed 
to  prevent  this  from  happening.  In  the  first  casting,  that  of  a 
three-way  filter  pipe  6  ft.  long,  the  gases  emanated  from  the  chills 
after  the  mould  had  been  used  several  times.  This  trouble  was 
dealt  with  by  using  new  chills  after  every  fourth  casting.  The 
second  instance  was  that  of  an  iron  head  cast  on  a  4-in.-dia.  steel 
gudgeon  pin ;  in  this  case  the  gases  came  from  the  steel  pin.  The 
third  casting  was  that  of  a  pug-mill  roll  with  a  steel  shan  through 
the  centre ;  in  this  case  also  we  trouble  was  due  to  gases  coming 
from  the  ste^l  shaft.  The  author  also  describes  some  experiments 
relating  to  gases  evolved  from  heated  iron,  from  which  he  draws 
the  following  conclusions  :  (1)  Gas  is  given  off  by  cast  iron  in  the 
molten  state  and  during  the  solidification  period  down  to  a  definite 
temperature  not  yet  established ;  (2)  when  iron  or  steel  is  heated 
up  to  a  certain  temperature  gas  is  also  given  off ;  (3)  the  amount  of 
gas  and  the  time  during  which  it  is  evolved  are  controlled  by  the 
relative  volume  of  the  chill  or  insert  to  that  of  the  surrounding 
molten  metal. 
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(Ck>ntinued  from  pp.  48  a-50  a) 

Oxygen  Samples  bom  Open-Hearfh  Bafh.    K.  C.  McCutcheon 

and  L.  J.  Bautio.  (Transactions  of  the  American  Institute  of 
Mining  and  Metallurgical  Engineers,  Iron  and  Steel  Division,  1940, 
vol.  140,  pp.  133-135).  The  authors  describe  and  illustrate  a 
sampling  spoon  for  taking  l-kg.  samples  of  steel  from  a  furnace  for 
making  oxygen  determinations.  This  spoon  is  a  small  jug-shaped 
thick-walled  casting,  split  down  the  middle  and  held  together  by  a 
steel  loop  attached  to  a  handle.  They  also  describe  the  sampling 
procedure  by  which  no  slag  is  allowed  to  enter  the  spoon  and 
contaminate  the  steel.  This  method  has  been  found  to  give  reliable 
and  reproducible  results. 

Rapid  Method  of  Correlation  Applicable  to  Study  of  SteelmakiDg 
Reactions.  K.  Fetters.  (Transactions  of  the  American  Institute 
of  Mining  and  Metallurgical  Engineers,  Iron  and  Steel  Division, 
1940,  vol.  140,  pp.  166-169).  The  author  explains  a  method  of 
statistic€j  analysis  and  its  application  for  the  study  of  the  degree 
of  correlation  which  exists  between  any  two  of  a  number  of  variables 
in  the  process  of  steelmaking.  As  an  example,  he  shows  the  relation 
between  the  ferrous-oxide  content  and  the  reciprocal  of  the  carbon 
content  of  a  melt  of  steel,  as  calculated  from  a  large  number  of 
tests. 
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Rustless  Doubles  Capacity.  (Iron  Age,  1940,  vol.  146,  Nov.  14, 
pp.  53-55).  A  brief  illustrated  description  is  given  of  the  works 
of  the  Rustless  Iron  and  Steel  Corporation,  Baltimore,  where  a 
large  extension  programme  has  recently  been  completed.  This 
concern  manufactures  stainless  steel  strip,  bars  and  wire  from 
ingots  from  its  own  electric  furnaces  which  comprise  three  12-ton 
and  two  16-ton  furnaces  with  a  capacity  of  75,000  tons  per  annum. 

A  Method  of  Melting  Steel  in  a  Basic  Electric-Axc  Fomace. 
K.  Matsuyama,  T.  Iki  and  K.  Muramoto.  (Tetsu  to  Hagane,  1940, 
vol.  26,  Aug.  25,  pp.  597-608).  (In  Japanese).  The  authors  describe 
a  melting  technique,  using  a  basic  electric-arc  furnace,  the  object  of 
which  is  to  reduce  the  tendency  to  flake  formation  in  the  ingot. 

The  AppUcation  of  Electric  Heat  to  Industrial  Furnaces*  A.  E. 
Pickles.  (Australasian  Engineer,  1940,  vol.  40,  Oct.  8,  pp.  10-12). 
The  author  reviews  the  application  of  electric  heating  to  metal- 
lurgical furnaces,  dealing  with  the  subject  under  the  following 
headings :  Indirect,  direct-series  and  conducting-hearth  arc  furnaces ; 
the  control  of  arc-furnaces;  low-firequency  and  high-frequency 
induction  fiumaces ;  resistance  furnaces ;  mu£Q[e,  direct-radiation, 
convection  and  conduction  furnaces ;  controlled  atmosphere  and  con- 
veyor furnaces  ;  and  the  control  and  application  of  resistance  furnaces. 

Actual  Metallographic  Problems  in  the  Production  and  Treatmmt 
of  Steel.  A.  Hultgren.  (Jemkontorets  Annaler,  1940,  vol.  124, 
No.  8,  pp.  323-338).  (In  Swedish).  The  author  reviews  a  number 
of  metallurgical  problems  which  arise  during  the  production, 
treatment  and  testing  of  steel.  He  refers  to  some  Swedish  experi- 
ments carried  out  mainly  with  1-10%  carbon  steel  from  open-hearth 
and  electric  furnaces  with  a  view  to  determining  the  slag  inclusions 
at  different  stages  of  the  process.  For  this  purpose  small  samples 
were  taken  from  the  melt  and  cooled  in  small  moulds ;  these  were 
then  sectioned  and  examined  under  the  microscope.  These  tests 
have  shown  that,  with  the  ordinary  melting  practice  for  this  steel, 
there  are  practically  no  inclusions  in  the  steel  in  the  furnace  towards 
the  end  of  the  process,  and  that  even  the  deoxidation  products 
rise  to  the  top  of  the  bath  in  a  short  time.  Soon  after  tapping  into 
the  ladle  many  silicate  inclusions  will,  however,  be  found  ;  most  of 
these  rise  to  the  surface  after  a  few  minutes'  holding  in  the  ladle. 
It  is  too  soon  to  judge  whether  this  occurs  under  other  conditions, 
but  the  inference  is  that  the  conditions  under  which  the  metal  is 
teemed  into  the  ladle  and  moulds,  and  especially  the  degree  of 
oxidation  during  teeming,  have  an  important  bearing  on  the 
occurrence  of  inclusions  in  steel.  With  regard  to  surface  defects 
in  ingots,  these  can  have  the  character  of  wrinkles,  frozen  splashes, 
cracks,  holes,  slag  inclusions  and  segregation.  Wrinkles  occur  after 
teeming  too  slowly  or  at  too  low  a  temperature,  and  cracks  form  after 
teeming  rapidly  or  at  too  high  a  temperature.  A  reaction  between 
the  carbon  in  the  steel  and  scale  in  the  mould  is  a  possible  cause  of 
surface   blowholes.    Slag  inclusions  and  holes  near  the  surface 
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may  be  caused  by  reactions  between  the  steel  and  the  mould  surface 
or  with  the  air.  A  crack  which  forms  in  the  early  stages  of  cooling 
has  a  tendency  to  be  filled  up  with  mother-liquor  which  causes 
segregation,  and  it  thus  becomes  more  difficult  for  it  to  be  welded 
up  during  subsequent  rolling  or  forging.  In  the  machining  of 
soft  steel  there  is  a  tendency  for  long  turnings  to  be  formed,  leaving 
a  rough  surface,  but,  if  0- 1-0-3%  of  sulphur  is  present  together  with 
a  high  manganese  content,  the  process  of  the  formation  of  the  tiurnings 
is  changed  and  short  chips  wiU  be  produced.  An  addition  of 
selenium  to  stainless  steel  has  a  similar  effect.  The  author  refers 
also  to  the  recently  introduced  high-speed  steel,  containing  about 
8-5%  of  molybdenum  and  2%  of  tungsten,  which  is  interesting 
from  the  heat-treatment  point  of  view  in  that  it  should  not  be 
hardened  at  just  under  its  melting  point,  but  at  about  1225^  C. 
There  is  now  a  tendency  to  prolong  the  tempering  time  in  the 
treatment  of  high-speed  steels  to  1  hr.  or  even  more,  as  this  is  said 
to  give  increased  strength.  The  repeated  tempering  of  high-speed 
steel,  which  transforms  the  retained  austenite,  has  also  been  found 
advantageous.  The  nitriding  of  hardened  and  tempered  high- 
speed steel  in  a  cyanide  bath  at  about  550*^  C.  is  said  to  increase  the 
life  of  certain  tools  of  this  steel.  In  discussing  heat-treatment 
practice  the  author  refers  to  a  new  type  of  salt-bath  furnace  heated 
by  electrodes  arranged  in  pairs;  in  this,  electro-magnetic  forces 
are  applied  in  order  to  cause  a  rapid  circulation  of  the  molten  salt 
and  thus  keep  it  at  an  even  temperature.  In  conclusion  reference 
is  made  to  recent  improvements  in  laboratory  equipment  and  tech- 
nique.    An  extensive  bibliography  is  appended. 

The  Inflnenoe  of  Tnrbulenoe  upon  me  Stracture  and  Properties 
of  Steel  Ingots.  L.  Northcott.  (Iron  and  Steel  Institute,  1941, 
this  Journal,  Section  I.).  Seven  steel  ingots  were  cast  by  different 
methods  which  were  selected  as  offering  different  conditions  of 
turbulence  of  the  molten  metal  in  the  mould.  The  methods 
employed  involved  :  (1)  Bottom-casting,  (2)  top-casting  with  a  single 
stream  down  the  centre  of  the  mould,  (3)  the  use  of  a  multi-hole 
tundish,  (4)  a  sand  mould  with  a  single  stream,  (5)  a  single  stream 
near  one  side  of  the  mould,  (6)  top-casting  with  a  single  stream, 
stirring  with  a  poker  after  casting,  and  (7)  casting  in  a  sloping 
mould.  The  macrostructure,  chemical  segregation  and  mechanical 
properties  of  the  ingots  were  studied.  Further  information  on  the 
influence  of  the  casting  method  upon  turbulence  was  obtained  from 
a  number  of  small  composite  non-ferrous  allov  ingots,  in  the 
preparation  of  which  a  red  alloy  was  poured  first  and  was  immediately 
followed  by  a  white  alloy  of  similar  density  and  melting  point. 
Knowledge  of  the  distribution  of  the  stream  in  the  mould  was  then 
obtained  by  examining  the  distribution  of  the  differently  coloured 
alloys  in  the  ingot.  Differences  in  the  structures  of  the  steel  ingots 
are  discussed  from  the  point  of  view  of  the  influence  of  turbulence,  and 
theories  on  the  mechanism  of  the  solidification  of  steel  are  put  forward. 
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(Continued  from  pp.  9  a-10  a) 

8-in.  Upsetting  Forging  Piess.  (Engineering,  1940,  vol.  150, 
Dec.  13,  pp.  467-468).  An  illustrated  description  is  given  of  a 
heavy  forging  press,  which,  although  primarily  designed  for  general 
purposes,  is  used  la<rgely  in  the  United  States  for  forging  c^dinders 
of  internal-combustion  engines.  The  process  is  stated  to  be  more 
economical  than  machining  from  seamless  steel  tubes  or  extruding 
in  a  hydraulic  process.  The  press  is  of  the  crankshaft-operated  type 
and  is  driven,  through  multiple  V-belts,  by  a  motor  of  150  h.p. 
It  is  known  as  the  8-in.  size  and  accommodates  dies  46  in. 
high,  which  are  separated  transversely  to  permit  the  work  to  be 
moved  up  or  down  to  the  next  stage ;  thus  as  many  as  four  progres- 
sive operations  can  be  carried  out.  The  forgings  produced,  generally 
made  from  a  nitriding  or  Nitralloy  steel,  range  £rom  4|  to  6|  in.  in 
internal  dia.  and  from  25  to  125  lb.  in  weight. 

Production  Cfontrol  in  the  Forge  Slu>p.  B.  Nelson.  (Heat 
Treating  and  Forging,  1940,  vol.  26,  Sept.,  pp.  442-445).  The 
author  describes  a  S3rstem  of  supervision  for  the  control  of  material 
and  operations  in  a  forging  shop  where  a  number  of  steam  hanmiers 
are  in  operation. 

Manutactore  of  Heavy  Ordnance  and  Armor  Plate.  B.  B. 
Galloway.  (Metals  Treatment  Society  of  Victoria,  Australia : 
Heat  Treating  and  Forging,  1940,  vol.  26,  Apr.,  pp.  168-172; 
May,  pp.  231-233).  The  author  first  classifies  the  steels  used  for 
orckiance  manufacture  into  three  broad  groups  which  cover  a  range 
of  carbon  content  of  0'10-0-45%.  He  then  describes  the  sequence 
of  manufacturing  processes  from  the  production  of  the  steel  to 
the  final  heat  treatment  of  a  large  forging.  In  the  second  part  he 
describes  the  sequence  of  operations  in  the  production  of  armour 
plate  of  4%  nickel  steel. 

Hanufactore  of  Heavy  Crankshafts  and  Torsion  of  the  Bearing 
JoomaL  0.  Hara.  (Tetsu  to  Hagane,  1940,  vol.  26,  Aug.  25,  pp. 
617-629).  (In  Japanese).  The  author  discusses  the  forging  of 
heavy  crankshafts  &om  ingots  of  20  tons  and  of  even  greater  weight, 
and  suggests  a  method  of  eliminating  surface  defects.  In  the  con- 
cluding part  of  his  paper  he  describes  a  torsion-fatigue  test  on  a 
crankshaft  journal  300  mm.  in  dia. 

Shell  Forgings.  (Iron  Age,  1940,  vol.  146,  Oct.  10,  pp.  57-60). 
An  illustrated  description  is  given  of  the  Baldwin-Omes  horizontal 
shell-forging  machine.  For  shell  forgings  up  to  5  in.  in  dia.  the 
drawing  machine  is  built  on,  and  combined  with,  the  piercing  machine, 
whereas  for  larger  sizes  the  drawing  machine  is  a  separate  unit. 
Square-section  billets  are  used  in  this  machine  and  the  rate  of 
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production  is  very  muoh  higher  than  that  with  hydraulic  presses. 
The  number  of  rejections  due  to  eccentricity  is  very  low,  amounting 
to  only  1-1^%  with  the  machines  for  6-in.  shells. 

Bolts  and  Nuts.  F.  B.  Jacobs.  (Steel,  1940,  vol.  107,  Oct.  21, 
pp.  52-^55,  72).  The  author  describes  some  of  the  conveyor  systems 
used  for  moving  material  from  one  department  to  another  in  a  large 
American  bolt  and  nut  factory. 

Wire  Die  Manutactore.  (Wire  Industry,  1940,  vol.  7,  Nov., 
pp.  459-460,  464,  468).  A  description  is  given  of  the  tools  and 
processes  used  for  boring  and  polishing  diamonds  and  hard  metals 
in  the  manufacture  of  wire-drawing  dies. 

Die  Inspection  in  the  Wire  &dii8try.  C.  L.  Mantell.  (Wire 
and  Wire  Products,  1940,  vol.  15,  Sept.,  pp.  457-459).  The  author 
draws  attention  to  the  fact  that  very  little  information  is  available 
on  the  design  of  wire-drawing  dies,  the  methods  of  measuring  their 
hardness  and  curvature,  and  their  maintenance.  He  suggests  that, 
wire-drawers  should  institute  a  system  of  r^ular  inspection  of  their 
dies  and  keep  die  record  cards  on  which  particulars  of  their  per- 
formance and  causes  of  failure  should  be  entered. 


ROLLING-MILL  PRACTICE 


(Ck>ntinaed  firom  pp.  60  a-52  ▲) 

Actual  ProUems  in  Swedish  BoUing  Teehnique.  P.  G.  Ekman. 
(Jemkontorets  Annaler,  1940,  vol.  124,  No.  8,  pp.  360-376).  (In 
Swedish).  The  author  reviews  some  problems  confronting  Swedish 
rolling-mill  engineers  and  describes  some  advancements  in  rolling- 
mill  plant,  equipment  and  technique.  He  deals  in  turn  with  mill- 
stand  design,  reheating  furnaces,  drives,  the  Steckel  hot-strip  miU, 
reconditioning  worn  rolls,  removal  of  scale  by  jets  of  water  at  high 
pressure,  beanngs,  the  changing  of  rolls,  roll  trains,  coilers,  stitchers 
and  shears. 

Influence  of  Boll  Passes  on  the  BoIIing-MiU  Capacity.  K. 
Sonoda.  (Tetsu  to  Hagane,  1940,  vol.  26,  June  25,  pp.  436-450). 
(In  Japanese).  The  author  discusses  methods  of  increasing  the 
capacity  of  rolling  mills  with  particular  reference  to  the  relation 
between  the  changes  in  roll  contour  and  the  number  of  passes  required 
to  produce  a  given  section. 

Cold-Bolled  Strip  Steel.  T.  B.  Montgomery.  (Steel,  1940,  vol. 
107,  Oct.  21,  pp.  56-61,  75).  The  author  discusses  the  theory  and 
practice  of  the  application  of  backward  and  forward  tension  in  the 
cold-rolling  of  steel  strip. 

Marking  Hot  SteeL  V.  L.  Staley.  (Steel,  1940,  vol.  107,  Nov. 
4,  pp.  64r-66).  The  author  refers  to  the  need  for  marking  coils  of 
steel  strip  while  still  at  high  temperatures  and  states  that  there  are 
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now  available  two  types  of  marking  compounds,  one  of  which  can 
be  applied  to  steel  in  the  temperature  range  150-900**  F.,  and  the 
other  when  the  temperature  range  is  360-1400°  P.  Each  type  can 
be  obtained  in  one  of  seven  colours. 


HEAT  TREATMENT 


(Continued  from  pp.  52  A-59  a) 

Cementation  Equilibrium  and  Cementation  Reaction  in  CO-Gtas 
Current.  0.  Madono.  (Tetsu  to  Hagane,  1939,  vol.  25,  Sept.  25, 
pp.  734-744).  (In  Japanese).  The  author  discusses  the  theory  of 
the  earburisation  of  iron  under  the  action  of  carbon  monoxide.  He 
shows  that  the  carbide  FcgC  cannot  be  produced  in  iron  in  a  current 
of  carbon  monoxide  because  the  iron  acts  as  a  catalyst  for  the 
dissociation  of  this  gas.  ¥efi  might,  however,  be  formed  at 
temperatures  below  500^0.,  as  the  dissociation  velocity  is  small 
at  comparatively  low  temperatures.  The  earburisation  action  of 
carbon  monoxide  at  low  temperatures  becomes  less  as  the  velocity  of 
the  gas  decreases,  for  a  high  velocity  is  required  to  sweep  away  any 
carbon  dioxide  produced  on  the  surface  of  the  metal. 

Practical  Gas  Carburizing.  J.  F.  Wyzalek  and  M.  H.  Folkner. 
(Metal  Progress,  1940,  vol.  38,  Sept.,  pp.  261-268).  The  authors 
review  the  development  in  the  United  States  of  gas-carburising 
furnaces,  and  describe  and  illustrate  several  modern  continuous 
plants. 

Salt-Bath  Heat  Treating.  W.  F.  Sherman.  (Iron  Age,  1940, 
vol.  146,  Nov.  14,  pp.  43-47).  The  author  describes  a  number  of 
salt-bath  hardening  plants  used  for  the  hardening  of  large  numbers 
of  small  parts  such  as  clutch  rings  and  valve  pusher  rods  at  the 
works  of  American  automobile  manufacturers. 

A  Study  of  the  Salt-Bath  Quenching.    S .  Abe .    (Tetsu  to  Hagane, 

1939,  vol.  25,  Dec.  25,  pp.  1065-1073).  (In  Japanese).  The  author 
reports  on  an  investigation  of  the  salt- bath  heat  treatment  of 
0*5-1 -3%  carbon  steels  and  steels  containing  the  following  elements  : 
(a)  Carbon  0-7%  and  chromium  l-0-3-0% ;  (6)  carbon  0-7%  and 
nickel  10-30% ;  (c)  carbon  0-3-0-7%,  nickel  30%  and  chromium 
0-5%  ;  and  (d)  carbon  0-3-0-7%,  nickel  30%,  chromium  0-6%  and 
molybdenum  0*5%.  His  general  conclusion  is  that  this  form  of 
heat  treatment  is  very  effective  when  applied  to  0-7-0-9%  carbon 
steels,  and  to  steels  (a),  (c)  and  (d),  but  that  it  has  little  effect  on 
steels  containing  nickel  and  about  0-7%  of  carbon. 

The  Tocco  nocess  for  Hardening  Steel  Surfaces.    (Engineering, 

1940,  vol.  150,  Nov.  29,  pp.  426-427).  The  essential  features  of  the 
Tocco  process  of  hardening,  in  which  the  heat  is  applied  by  means 
of  a  high-frequency  current,  have  been  described  previously  (see 
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p.  12  a).  In  the  present  article  a  more  detailed  description  is  given 
and  some  illustrations  of  the  equipment  used  for  hardening  small 
crankshafts  are  presented. 

Instruments  for  Cfontrol  and  Analysis  of  CfontroUed  Atmospheres. 

E.  E.  Slowter  and  B.  W.  Gonser.  (Metal  Progress,  1940,  vol.  38, 
Oct.,  pp.  655-566, 569).  The  authors  consider  the  control  of  furnace 
atmospheres,  dividing  the  subject  into  four  sections.  In  the  first 
section  they  very  briefly  discuss  the  complete  chemical  analysis  of  the 
atmosphere.  In  the  second  section  the  partial  analysis  by  chemical 
means  is  considered,  i,e,,  the  determination  of  carbon  dioxide, 
oxygen  and  hydrogen  sulphide ;  and  the  instruments  developed  by 
the  Mine  Safety  Appliances  Co.  for  the  determination  of  oxygen  and 
hydrogen  sulphide  are  described.  In  the  third  section  the  authors 
deal  with  the  determination  of  the  physical  properties  of  controlled 
atmospheres  and  describe  some  of  the  apparatus  used  in  practice 
for  the  determination  of  the  specific  gravity,  the  thermal  conduc- 
tivity, the  calorific  value  and  the  water  content.  In  the  last  section 
some  methods  are  discussed  by  which  the  atmosphere  is  examined 
by  actually  tr3ring  it  on  the  material  to  be  heat-treated.  This 
part  also  includes  descriptions  of  instruments  for  recording  the 
visual  and  sub-surface  effects  of  furnace  atmospheres  on  the  steel 
under  treatment  as  well  as  their  effect  on  special  steels. 

Equilibria  tor  Oas-Steel  Reactions.  (Metal  Progress,  1940,  vol. 
38,  Oct.,  p.  594).  Four  groups  of  graphs  relating  to  heat-treatment 
conditions  are  presented,  lliese  demonstrate  the  relation  between 
furnace-atmosphere  composition,  temperature  and  the  carbon  con- 
tent of  the  steel  under  conditions  of  equilibrium  in  the  steel-gas 
reactions. 

Some  Surlaoe  Studies  on   Treated  High-Speed  SteeL     J.  Q. 

Morrison.  (American  Society  for  Metals,  Oct.,  1940,  Preprint  No. 
19).  The  author  reports  on  an  investigation  of  the  harckiess,  the 
scaling  and  the  distribution  of  carbon  in  the  surface  layer  to  a  depth 
of  about  0012  in.  in  18/4/1  tungsten-chromium-vanadium  high- 
speed steel  after  various  forms  of  heat  treatment.  Reducing  and 
oxidising  atmospheres  were  used,  the  former  containing  10%  of 
carbon  monoxide  and  the  latter  2-5%  of  oxygen.  From  the  data 
obtained  the  author  reached  the  following  conclusions  :  (1)  With 
the  same  holding  time  at  2350°  F.,  the  absorption  of  carbon  was 
greater  in  the  oxidising  atmosphere  than  in  the  reducing  atmosphere ; 
(2)  under  the  conditions  of  this  investigation  the  carbon  content 
at  the  surface  of  this  steel  increases  rapidly  to  0-95%  when  heat- 
treated  at  2350°  F.,  after  this,  the  rate  of  carbon  absorption  decreases, 
or  the  carbon  content  at  the  surface  diminishes ;  (3)  the  extent  of 
the  scaling,  as  measured  by  the  decrease  in  diameter  of  the  speci- 
mens, appears  to  be  dependent  on  the  rate  at  which  the  carbon 
content  at  the  surface  reaches  0-95%  ;  (4)  18/4/1/  high-speed  steels 
containing  0-60%,  0-70%  and  0-93%  of  carbon  when  coated  with 
borax  prior  to  heat  treatment  at  2350°  F.  in  different  atmospheres 
1941— i  H 
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all  show  some  absorption  of  carbon  at  the  surface  under  the  con- 
ditions of  this  investigation ;  and  (5)  the  hardness  after  heat  treat- 
ment, is  greater  near  the  surface  than  at  a  depth  of  0*0164  in. 
The  results  of  hardness  tests  are  given  in  tables  and  the  changes 
in  carbon  content  with  increasing  depth  are  shown  in  a  series  of 
curves. 

The  Influence  of  the  Tempering  of  High-Speed  Steel  on  the 
Efficiency  of  Catting  Tools.  V.  Ya.  Dubovoy.  (Metallurgy  1939, 
No.  10-11,  pp.  99-117).  (In  Russian).  In  order  to  determine  the 
optimum  conditions  of  tempering  high-speed  steel  of  the  18/4/1 
type,  and  in  particular  to  settle  the  controversy  regarding  the 
relative  effectiveness  of  single  and  repeated  tempering,  an  extensive 
investigation  was  carried  out,  in  which  some  specimens  quenched 
from  1290°  C.  mainly  in  oil,  were  tempered  repeatedly  (from  two 
to  twelve  times  for  30  min.)  and  others  only  once  (with  a  holding 
time  of  30  min.  to  12  hr.)  at  temperatures  ranging  from  100°  to 
700°  C.  The  investigation  included  dilatometric,  mskgnetic  and 
electrical  resistance  tests.  X-ray  and  microscopic  examinations  and 
determinations  of  the  hardness,  impact  st^ngth  and  cutting 
efficiency.  Some  cutting  tools  were  also  tested  after  stepped 
quenching.  Consideration  of  the  numerous  results,  which  are 
presented  diagrammatically,  led  the  author  to  the  following  con- 
clusions :  (1)  After  quenching  in  oil  from  1280°  to  1290°  C.  the  steel 
contains  25-35%  of  residual  austenite.  (2)  Low-temperature  tem- 
pering (50-400°  C.)  causes  practically  no  transformation  of  the 
austenite,  the  main  processes  being  of  a  qualitative  nature  such  as 
transformation  of  the  a-martensite  into  ^-martensite  and  stress 
relief.  (3)  The  higher  the  tempering  temperature  and  the  longer 
the  holding  time,  the  higher  ia  the  temperature  at  which  the  mar- 
tensite  transformation  wiU  set  in  on  cooling  and  the  more  complete 
the  transformation.  (4)  Complete  transformation  of  the  austenite 
can  be  achieved  by  either  single  or  repeated  tempering  at  the  same 
temperature,  the  total  holding  time  necessary  being  shorter  when 
repeated  tempering  is  used.  (5)  As  regards  cutting  efficiency, 
repeated  tempering  does  not  appear  to  have  any  superiority  over 
single  tempering.  Either  form  of  tempering  should,  for  maximum 
cutting  efficiency,  effect  complete,  or  almost  complete,  transforma- 
tion of  the  residual  austenite  and  reduction  of  internal  stresses. 
(6)  After  quenching  in  oil  from  1290°  C,  the  best  results  were 
obtained  by  tempering  at  525°  C.  for  8  hr.  (7)  Stepped  quenching 
with  prolonged  holding  at  600-650°  C.  resulted  in  a  marked 
deterioration  of  the  cutting  efficiency.  (8)  The  maximum  decrease 
in  impact  resistance  occurs  after  high-temperature  tempering  at 
550-650°  C.  and  is  connected  with  the  transformation  of  the  residual 
austenite  into  martensite  and  perhaps  also  with  the  precipitation 
of  carbides  from  the  austenite  and  martensite  grains  along  the 
grain  boundaries. 

Keeping  Them  Straight.    A.  Fletcher.     (Machine  Shop  Magazine, 
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1940,  vol.  1,  Nov.,  pp.  90-93).  The  author  describes  the  plant 
in  the  modem  heat-treatment  department  of  a  firm  manufacturing 
automobile  shafbs  and  axles.  The  problem  of  keeping  the  shafts 
perfectly  straight  throughout  the  treatment  has  been  solved  by 
having  all  the  furnaces  and  tanks  designed  so  as  to  take  the  shafbs 
in  the  vertical  position,  and  by  attaching  each  batch  of  shafbs  to  a 
perforated  carrier  plate  from  which  they  remain  suspended  in  the 
vertical  position  tlux)ughout  the  whole  of  the  treatment. 

Observations  on  the  Tarnishing  of  Stainless  Steeb  on  Heating  in 
Vacao.  V.  C.  F.  Holm.  (American  Society  for  Metals,  Oct.,  1940, 
Preprint  No.  64).  The  author  observed  the  formation  of  temper 
colours  when  heating  specimens  of  18/8  chromium-nickel  steel  and 
14%  chromium  steel  in  the  range  of  700-800**  C,  under  pressures  of 
about  10-^  mm.  of  mercury.  Specimens  of  ordinary  iron  remained 
perfectly  bright  under  the  same  conditions.  Alloy  steels  containing 
high  percentages  of  nickel,  or  tungsten  and  chromium  steels  with 
less  than  5%  of  chromium,  were  also  not  discoloured.  The  colours 
developed  on  the  stainless  steels  were  similar  in  appearance  to 
temper  colours  that  form  on  iron  and  steel  when  heated  in  air,  and 
they  were  eliminated  by  heating  to  higher  temperatures  (106O- 
1250''  C.)  at  the  same  low  pressure.  The  author  points  out  that 
his  observations  are  in  agreement  with  the  fact  that  a  lower  partial 
pressure  of  oxygen  in  the  atmosphere  is  required  while  bright- 
annealing  stainless  steels  than  while  bright-annealing  iron  or 
ordinary  steels. 

Centrifugal  Qaenching.  (Machine  Shop,  1940,  vol.  1,  Dec,  pp. 
90-93).  It  is  pointed  out  that  distortion  of  gear  wheels,  sprocket 
wheels,  flat  cams,  &c.,  during  quenching  is  avoided  when  the 
quenching  medium  is  applied  uniformly  to  the  entire  circumference 
and  progressively  from  the  circimiference  towards  the  centre, 
because,  although  the  part  under  treatment  may  contract,  the 
contraction  will  be  uniform  and  the  quenched  part  will  be  both 
round  and  flat.  A  centrifugal  quenching  machine  of  American 
design  which  enables  quenching  to  be  carried  out  in  this  way  is 
described  briefly. 


WELDING  AND  CUTTING 


(Ck>ntiniied  from  pp.  59  a-60  a) 

The  Practical  Application  of  Resistance  Welding.  J.  M. 
Sinclair.  (Machine  Shop  Magazine,  1940,  vol.  1,  Sept.,  pp. 
56-66  ;  Oct.,  pp.  67-62  ;  Nov.,  pp.  48-52).  After  explaining  the 
principles  of  electrical-resistance  welding,  the  author  describes  in 
detail  its  application  in  industry  by  the  four  processes  of  spot, 
3  cam,  flash-butt  and  projection  weloing.    The  first  three  of  these 
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processes  are  well  known,  whilst  the  last  is  a  recent  development. 
Where  an  assembly  calls  for  a  concentrated  number,  or  cluster, 
of  spot  welds,  it  is  advisable  to  carry  out  the  group  of  welds  simul- 
taneously. This  can  be  done  by  "  dimpling,"  i.e.,  the  raising  of 
projections,  on  one  or  both  of  the  plates  to  be  joined.  These  small 
projections  ultimately  form  the  welds  and  are  pressed  flat  during 
the  operation.  It  is  possible  to  make  up  to  sixteen  welds  in  one 
operation  by  this  process.  The  types  of  joint  and  the  machines 
used  are  shown  in  numerous  illustrations,  and  the  author  also 
presents  data  respecting  current  strength,  welding  time  and  dimen- 
sions of  projections  for  various  gauges  of  sheet.  In  the  second 
and  third  parts  the  author  describes  in  detail  the  principles  of 
flash-butt  welding  and  seam  welding  and  some  of  the  machines  for 
automatic  welding  by  these  processes. 

Welding  of  High-Fressoie  Boilers.  J.  S.  Train.  (Australasian 
Engineer,  1940,  vol.  40,  Oct.  8,  pp.  16^17).  The  author  reviews  the 
development  of  the  electric  welding  of  high-pressure  vessels  and 
briefly  describes  the  present-day  practice,  giving  particular  con- 
sideration to  the  electrodes  used.  In  conclusion  he  briefly  discusses 
the  examination  of  the  welds,  dealing  in  separate  paragraphs  with 
tensile  tests  (both  across  the  joint  and  of  the  pure  weld  metal) ; 
bend  tests ;  impact  tests ;  determination  of  the  density  of  the  weld 
metal ;  and  macro-  and  micro-examination. 

A  Summary  of  Reports  of  Investigations  on  Selected  Types  ot 
High-Tensile  Steels.  L.  Reeve.  (Transactions  of  the  Institute 
of  Welding,  1940,  vol.  3,  Oct.,  pp.  177-200).  In  May,  1938,  the 
Sub-Committee  of  the  Welding  Research  Council  on  the  Weldability 
of  High-Tensile  Structural  Steels  undertook  a  comprehensive  pro- 
gramme of  work  in  order  to  determine  the  correct  procedure  for  the 
successful  welding  of  high-tensile  steels,  and,  if  possible,  to  submit 
recommendations  for  high-tensile  steels  with  improved  weldability. 
In  the  present  summary,  details  are  given  of  the  tests  carried  out 
by  the  sub-committee  to  date,  together  with  some  of  the  general 
conclusions  derived  from  them.  The  tests  carried  out  included 
chemical  analyses  of  the  eleven  selected  steels,  mechanical  tests  on 
welded  and  unwelded  specimens,  standard  Reeve  crack  tests  using 
different  sizes  of  fillet  welds  and  including  hardness  measure- 
ments at  sections  cut  through  the  test  weld,  quench-hardening  tests 
on  tapered  specimens  of  each  steel,  oxy-acetylene  cutting  tests,  and 
corrosion  tests  in  conjunction  with  the  Corrosion  Committee  of  the 
Iron  and  Steel  Institute.  The  results  of  testing  the  butt  welds 
were  not  altogether  conclusive  as  the  electrodes  used  proved  to  be 
below  standard  in  some  respects,  but  it  is  concluded  that  butt 
welds  between  high-tensile  steel  plates,  even  with  the  type  of 
electrode  used,  will  develop  approximatey  the  same  strength  as 
the  unwelded  plate,  except  for  the  upper  strength  range  of  steels. 
Particular  attention  must  be  paid  to  the  technique  in  making  the 
scaling  runs  of  single-V  butt  welds,  as  it  has  been  shown  that  low 


WBLDINO  AND  OUTTINO.  101  A 

impact  values  and  relatively  high  hardness  in  the  locality  of  the 
sealing  run  may  develop  if  the  run  is  too  small.  In  order  to  prevent 
this,  it  is  necessary  to  use  either  a  large  sealing  run  or  to  preheat 
the  material.  Alternatively,  the  weld  may  be  deposited  in  a  double 
V,  which  eliminates  the  sealing  run  and  also  minimises  the  distortion. 
The  cracking  tests  and  measurements  of  hardness  in  fillet  welds  on 
high-tensile  steels  have  demonstrated  that  maximum  hardness  and 
liability  to  cracking  at  the  weld  junction  are  related  to  the  carbon 
content  of  the  steels,  although  other  alloying  elements  have  a  con- 
siderable influence  on  the  average  hardness.  The  quench -hardening 
test  also  bears  out  this  general  relationship.  Crackmg  in  a  restrained 
joint  may  be  avoided  if  the  maximum  hardness  does  not  exceed 
400  Hd/ji^  (diamond  pyramid  hardness).  In  general,  the  hardness 
is  also  mnuenced  by  the  size  of  fillet  deposited  with  the  first  run, 
an  increase  in  size  reducing  the  value  of  the  mean  and  maximum 
hardness  and  decreasing  the  cracking  tendency.  The  Sub-Committee 
has  confirmed  the  advantages  to  be  gained  in  freedom  from  cracking 
by  the  use  of  certain  types  of  special  soft  electrodes  for  the  welding 
of  high-tensile  steels.  In  the  light  of  the  test  data,  only  six  of  the 
eleven  types  of  steel  examined  can  be  regarded  as  fully  weldable, 
and  of  these  six  only  two  have  a  tensile  strength  exceeding  33  tons 
per  sq.  in.  None  of  the  steels  complying  with  the  requirements  of 
British  Standard  Specification  548  (t.e.,  37-43  tons  tensile)  can  be 
regarded  as  fully  weldable  on  the  basis  of  the  tests  described, 
although  they  can  be  welded  successfully  when  suitable  precautions 
are  taken.  The  criterion  of  weldability  would  appear  to  be  that, 
in  a  fillet  test  of  the  Reeve  type,  the  mean  weld-hardness  of  normal 
size  fillets  should  not  exceed  350  Hd/^^q.  Whether  it  will  be  possible 
to  produce  steels  in  accordance  with  the  above  specification  with  a 
hardenability  within  this  limit  is  doubtful,  but  the  most  promising 
lines  of  attack  would  appear  to  be  to  reduce  the  carbon  content  of 
the  steels  and  to  compensate  for  the  consequent  loss  in  mechanical 
strength  by  the  addition  of  other  alloying  elements. 

A  Guide  to  the  Selection  and  Welding  of  Low  AUoy  Stractural 
Steeb.  J.  Dearden  and  H.  O'Neill.  (Transactions  of  the  Institute 
of  Welding,  1940,  vol.  3,  Oct.,  pp.  203-213).  In  this  discussion  of 
the  welding  of  low-alloy  structural  steels  the  authors  develop,  from 
actual  tests  on  fillet  welds,  empirical  expressions  by  means  of  which 
the  3deld  strength,  maximum  stress  and  welding-hardenability  of 
these  steels  can  be  calculated  from  the  chemical  composition. 
These  expressions  also  enable  compositions  to  be  selected  which 
will  give  the  best  weldability  for  given  tensile  properties.  As  a 
result  of  their  investigations  the  authors  find  that  certain  plain 
manganese  steels,  or  manganese-molybdenum  steels,  are  satisfactory 
if  a  yield  point  of  21  tons  per  sq.  in.  is  required.  If  a  3rield  point  of 
27  tons  per  sq.  in.  has  to  be  provided  for,  a  manganese- vanadium, 
a  manganese-nickel  or  a  manganese-molybdenum  composition  is  sug- 
gested.   The  effects  of  various  sizes  of  fillet,  types  of  joint  and  thick- 
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nesses  of  plate  and  electrodes  are  evaluated  and  discussed,  and 
attention  is  drawn  to  precautions  which  must  be  observed  in  welding 
low-alloy  steels. 

The  Repair  of  Cast  Iron  Parts.  (Welding  Industry,  1940,  vol. 
8,  Dec,  pp.  295-296).  A  number  of  examples  of  the  repair  by 
welding  of  heavy  cast  iron  machinery  are  illustrated  and  described. 
The  examples  include  shearing  machines  and  locomotive  and  Diesel 
engine  cylmders. 

A  Defect  in  Kild  Steel  Welds  Due  to  Non-HetaDic  Xndiudons  in 
the  Parent  MetaL  L.  E.  Benson.  (Transactions  of  the  Institute  of 
Welding,  1940,  vol.  3,  Oct.,  pp.  216-218).  The  author  describes 
an  investigation  of  the  causes  of  a  peculiar  type  of  defect  in  a  butt- 
welded  |-in.  steel  plate.  The  defect  was  seen  in  the  firacture  of 
the  plate  in  a  standard  reverse  bend  test.  The  abnormal  feature 
was  the  presence  of  numerous  round  marks,  0-01-0*1  in.  CMaross, 
within  which  were  pronounced  concentric  ripple  marks  similar  to 
those  in  the  crater  left  by  an  arc.  The  evidence  obtained  made  it 
clear  that  these  marks  are  discontinuities  in  the  weld  metal  caused 
by  the  melting  of  the  ends  of  abnormally  large  slag  streaks  in  the 
original  plate,  possibly  with  the  evolution  of  some  gas.  This  is  a 
striking  example  of  how  a  defective  weld  can  result  solely  fh>m 
unsatisfactory  parent  plate. 

British  Standard  Speciflcation  tor  Qzy-Aoetylene  Welding  in 
Hild  Steel.  (British  Standards  Institution,  No.  693,  Revised  Oct., 
1940).  The  present  specification  is  a  revision  of  that  issued  in  1936. 
Since  that  time  the  question  of  tests  on  welds  has  been  reviewed  and 
provision  is  now  made  for  more  simple  tests  which  are  considered  to 
be  sufficient  to  ensure  sound  welding. 
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(Continued  from  pp.  62  A-69  a) 

Automatic  Speed  Control  tor  Tension  and  Cfompression  Testing 
Machines.  B.  K.  Bernhard.  (ASTM  Bulletin,  1940,  Oct.,  pp. 
31-34) .  In  the  first  part  of  his  paper  the  author  considers  the  theory 
of  loading  in  systems  of  direct,  lever  and  hydraulic  loading  in  tensile- 
testing  machines,  and  the  effects  of  changes  in  the  mass  and  rigidity 
of  the  machine  and  the  speed  at  which  the  load  is  increased.  In  the 
second  part  he  describes  a  fully  automatic  control  unit  for  tensile- 
testing  machines  with  which  it  is  possible  te  maintain  (a)  a  constant 
load,  (6)  a  constent  motion  of  the  crosshead  of  the  machine  at  low 
and  high  testing  speeds,  (c)  a  constant  rate  of  change  of  load,  and 
(d)  a  constent  rate  of  change  of  strain.  The  device  consists  essen- 
tially of  two  photo-electric  cells  mounted  close  together  on  the  rim 
of  a  disc  which  is  rotated  by  a  variable-speed  drive  of  a  motor 


PBOPEBTIES  Am)   TESTS.  103  A 

connected  to  the  loading  system  of  the  machine.  The  two  cells 
act  as  inertia-free  and  frictionless  relays.  By  means  of  suitable 
circuits  one  cell  starts  the  motor  and  the  other  reverses  it.  In  order 
to  use  the  device  to  maintain  a  constant  load,  a  pressure  guage 
connected  to  the  hydraulic  system  of  the  machine  is  mounted  on  the 
centre  of  the  disc.  A  small  mirror  is  fixed  to  the  spindle  of  the  gauge 
needle,  and  this  is  so  placed  relative  to  a  source  of  light  that  the 
reflected  beam  falls  between  the  two  cells  when  the  gauge  is  regis- 
tering the  desired  pressure.  A  small  movement  of  the  gauge  needle 
is  thus  sufficient  to  deflect  the  beam  on  to  one  of  the  cells,  thus  starting 
up  the  motor  in  the  required  direction.  In  order  to  maintain  a 
constant  motion  of  the  crosshead,  the  pressure  gauge  in  the  above 
description  is  replaced  by  an  ammeter  connected  to  a  Wheatstone 
bridge  circuit,  which  also  incorporates  a  resistance  wire  fixed  to  the 
base  of  the  machine  with  a  sliding  contact  connected  with  the  cross- 
head.  The  mirror  is  mounted  on  the  ammeter  needle  spindle  and 
the  cells  operate  as  previously  described.  To  maintain  a  constant 
rate  of  change  of  strain  a  dial  deflectometer  is  placed  at  the  centre 
of  the  disc.  The  arrangement  for  maintaining  a  constant  rate  of 
change  of  load  is  similar  to  that  for  maintaining  a  constant  load. 
It  is  claimed  that  this  control  device  is  adaptable  to  any  type  of 
testing  machine,  that  it  is  not  too  expensive  to  be  used  for  commercial 
testing,  and  that  all  the  components  can  be  mounted  on  a  control 
board  which  is  easily  transportable  to  any  testing  machine  in  the 
laboratory. 

Changes  of  Stnictaie  at  the  Yield  Point  of  Kild  Steel.  S.  Tanaka 
and  K.  Takamiya.  (Nippon  Kinzoku  6akkai-Si,  1940,  vol.  4, 
June,  pp.  185-187).  (In  Japanese).  The  authors  describe  their 
investigation,  by  means  of  the  back-reflection  X-ray  technique,  of 
the  changes  which  occur  in  the  structure  of  mild  steel  at  the 
jrield  point. 

Stress  Analysis  by  Thiee-Dimensional  Photo-Elastic  Methods. 

D.  C.  Drucker  and  R.  D.  Mindlin.  (Journal  of  Applied  Physics, 
1940,  vol.  11,  Nov.,  pp.  724-732). 

Quantitative  Evaluation  of  Distortion  in  Silicon  Steel  and  in 
Alnminimn.  G.  L.  Clark  and  W.  M.  Shafer.  (American  Society 
for  Metals,  Oct.,  1940,  Preprint  No.  22).  The  authors  report  on 
an  investigation  of  the  relation  between  measured  stresses  in  silicon 
steel  and  in  aluminium  and  the  elongation  of  the  Laue  spots  as 
observed  in  photograms.  A  special  apparatus  is  described  in  which 
strips  of  silicon  steel  made  up  of  a  single  crystal  were  bent  in  such 
a  way  that  the  radius  of  curvature  could  be  measured  and  X-ray 
patterns  could  be  obtained  in  this  position.  The  elongation  of  the 
Laue  spots  was  measured  with  the  aid  of  Leonhardt  curves  and  this 
was  correlated  directly  to  the  curvature  of  the  specimen.  The 
stress  applied  was  then  calculated.  Under  the  conditions  governing 
the  experiments,  radial  asterism  was  observed  when  single  crystals 
of  silicon  steel  were  bent  under  stresses  below  the  elastic  limit; 
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when  the  stress  was  greater  than  the  elastic  limit  a  part  of  the  rota- 
tion or  bending  of  the  planes  was  elastic.  Equivalent  amounts  of 
cold-work  on  this  steel,  when  expressed  in  terms  of  Nadai's  theory 
of  octahedral  shear,  whether  by  rolling  or  by  elongation  under 
tension,  produced  a  similar  effect  as  revealed  by  the  X-ray  patterns. 

Measozements  and  Treatments  of  the  Internal  Friction  A  Carlxm 
SteeL  T.  Endo.  (Nippon  Kinzoku  Gakkai-Si,  1940,  vcd.  4,  Feb., 
pp.  59-64).  (In  Japanese).  The  author  describes  an  investigation 
of  the  internal  friction  of  some  carbon  steels  and  discusses  the  results 
obtained.  He  found  that  the  internal  friction  of  some  carbon  steels 
decreases  with  the  amplitude  of  the  vibrations,  and  that  this  decrease 
is  more  rapid  at  smaller  ampUtudes.  The  internal  friction  at  larger 
amplitudes  is,  however,  nearly  constant,  and  is  subject  to  the  laws 
proposed  by  Kimball  and  Lovell. 

The  Fatigae  and  Bending  Properties  of  Cold-Drawn  Steel  Wiie. 
H.  J.  Godfrey.  (American  Society  for  Metals,  Oct.,  1940,  Preprint 
No.  37).  The  author  studied  the  fatigue  and  bending  properties 
of  cold-drawn  carbon-steel  wire.  He  developed  special  fatigue  and 
bend-testing  machines  for  this  purpose,  which  are  described  in  the 
paper.  The  bend-testing  machine  was  so  designed  that  the  severity 
of  the  test  could  be  controlled  and  the  true  bending  properties  of  the 
wire  determined.  The  investigation  led  to  the  following  conclusions  : 
(1)  The  fatigue-test  results  are  influenced  by  the  carbon  content  of 
the  material,  and  the  fatigue  limit  of  a  low-carbon  material  should, 
therefore,  be  determined  by  a  fatigue  test  of  at  least  10,000,000 
cycles;  for  higher-carbon  steels  the  length  of  the  test  may  be 
considerably  less.  (2)  Normal  cold-working  by  means  of  wire- 
drawing increases  the  fatigue  limit  of  steel  wire  in  proportion  to  its 
tensile  strength.  The  ratio  between  the  fatigue  limit  and  the 
tensile  strength  (called  the  fatigue  ratio)  decreases,  however,  if  the 
cold-working  exceeds  a  critical  amount.  This  ratio  decreases  also 
with  an  increase  in  the  carbon  content.  (3)  The  fatigue  properties 
of  wire  are  improved  by  polishing  its  surface.  (4)  Decarburisation 
on  the  surface  of  the  wire  deteriorates  its  fatigue  properties.  The 
depth  of  decarburisation  does  not  seem  to  have  any  effect  on  the 
fatigue  ratio,  however.  (5)  Electro-galvanising  does  not  lower  the 
fatigue  ratio  of  a  decarburised  wire.  (6)  The  bending-fatigue 
properties  of  hot-galvanised  bridge  wire  are  approximately  the  same 
whether  cold-drawn  or  heat-treated.  (7)  The  bending  properties  of 
patented  steel  wire  improve  with  cold-work  up  to  a  critical  amount ; 
beyond  this  point  the  bending  properties  deteriorate.  (8)  Both  the 
bending-fatigue  test  and  the  bend  test  should  be  considered  when 
deciding  upon  the  desired  amount  of  cold-drawing.  (9)  The  amount 
of  orientation  of  the  metal  crystals,  as  shown  by  X-ray  photograms, 
is  more  obvious  when  cold-working  is  excessive,  and  the  maximum 
amount  of  orientation  takes  place  in  the  core  of  the  wire. 

Screw  Threads— The  Effect  of  Hethod  of  Manufacture  on  the 
Strength.    A.  M.  Smith.    (Iron  Age,  1940,  vol.  146,  Aug.  22, 
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pp.  23-28).  The  author  describes  an  investigation  of  the  influence 
of  the  manner  of  manufacturing  a  screwthread  on  the  tensile 
strength,  the  endurance  limit  and  the  ratio  of  these  two  values  of 
the  threaded  material.  An  ordinary  steel  containing  0*22-0-26% 
of  carbon  was  used  for  the  tests.  The  three  methods  of  producing 
the  thread  which  were  investigated  were  :  (1)  Cutting  the  thread 
in  a  lathe;  (2)  rolling  the  thread  on  single-extruded  wire;  (3) 
rolling  the  thread  on  double-extruded  wire.  The  conclusions 
reached  are  as  follows  :  (a)  single<«extruding  and  rolling  the  thread 
increase  the  tensile  strength  of  the  original  material  by  about  12%  ; 
(6)  double-extruding  and  rolling  the  thread  increase  the  tensUe 
strength  of  the  original  material  by  about  28*5%  ;  (c)  cut-threaded 
specimens  have  an  endurance  limit  equal  to  about  30%  of  their 
tensile  strength ;  (d)  single-extruded  and  roll-threaded  specimens 
have  an  endurance  limit  equal  to  about  33%  of  their  tensile  strength, 
and  equal  to  about  37%  of  the  tensile  strength  of  the  original 
material;  and  (e)  double-extruded  and  roll-threaded  specimens 
have  an  endurance  limit  of  about  33%  of  their  tensile  strength,  and 
about  42*6%  of  the  tensile  strength  of  the  original  material. 

The  Recovery  of  Fatigae  Due  to  Annealing.  F.  Oshiba.  (Nippon 
Kinzoku  Gakkai-Si,  1940,  vol.  4,  Jan.,  pp.  13-20).  (In  Japanese). 
The  author  reports  on  the  effect  of  the  annealing  time  and  tempera- 
ture on  the  degree  of  recovery  from  fatigue  of  a  0*2%  carbon  steel 
and  Flodin  iron.  On  annealing  specimens  of  the  steel  in  hydrogen, 
maximum  recovery  was  obtained  after  a  definite  period  of  annealing 
which  depended  on  the  temperature,  and  a  hyperbolic  relation  was 
established  between  the  annealing  time  and  temperature.  On 
annealing  Flodin  iron  in  a  vacuum,  the  degree  of  recovery  from 
fatigue  became  constant  after  a  definite  annealing  time  which 
depended  on  the  temperature,  and  a  hyperbolic  relation  was  again 
established  between  the  minimum  time  required  to  attain  a  constant 
degree  of  recovery  and  the  temperature. 

Hardness  Cfonvendon  tor  Hardened  Steel.  H.  Scott  and  T.  H. 
Gray.  (Metal  Progress,  1940,  vol.  38,  Oct.,  p.  428).  The  authors 
present  a  hardness  conversion  table  applicable  to  steel  up  to  its 
maximum  hardness,  irrespective  of  composition  and  structure,  and 
to  any  other  material  having  an  elastic  modulus  of  about  30  x  10*. 
The  table  covers  diamond-pyramid  hardness,  five  Rockwell  scales, 
scleroscope,  monotron  and  Brinell  hardness  (for  tungsten-carbide, 
Hultgren  and  steel  balls). 

Investigation  of  Steel  dKh.  P.  Orlets  and  T.  Sergievskaya. 
(Stal,  1939,  No.  10-11,  pp.  64r-66).  (In  Russian).  The  mvestigation 
of  steel  9Kh  (containing  carbon  0*87%,  silicon  0-32%,  manganese 
0-23%,  sulphur  0-015%,  phosphorus  0-016%»  chromium  1-51%  and 
nickel  0-48%)  had  for  its  object  the  determination  of  the  optimum 
oil-quenching  temperature,  and  a  study  of  the  effect  of  this  tempera- 
ture and  the  holding  time  on  the  hardenabiUty  and  hardness,  as 
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well  as  the  effect  of  the  subsequent  tempering  temperature  on  the 
mechanical  properties.  Maximum  surface  hardness  was  obtained 
by  quenching  from  850°  C,  the  holding  time  at  the  above  temperature 
being  that  recommended  in  the  A.S.S.T.  (now  A.S.M.)  standards. 
For  maximum  ductility,  the  quenching  temperature  should  be 
lowered  to  830°  C.  and  the  holding  time  trebled.  The  hardness 
remained  unchanged  by  tempering  at  up  to  150°  C.  and  it  then 
fell  five  Rockwell  C  units  on  tempmng  at  200°  C,  subsequently 
remaining  unchanged  when  the  tempering  temperature  was  in- 
creased up  to  300°  C,  above  which  the  hardness  again  decrea^sed. 
For  improved  ductility  tempering  should  be  conducted  at  300°  C. 

Qoaniitaiive  Measuement  of  Strain  Hardness  in  Austeniiic 
Hanganese  Steel.  D.  Niconoff.  (American  Society  for  Metals, 
Oct.,  1940,  Preprint  No.  15).  The  author  examined  the  strain- 
hardening  properties  of  an  austenitic  manganese  steel  (manganese 
12*5%)  by  subjecting  specimens  to  impacts  of  different  intensities 
and  by  measuring  the  hardness  at  the  surface  and  at  different 
depths.  The  maximum  strain-hardness  of  approximately  Rockwell 
C  50  was  not  found  at  the  surface,  but  at  a  short  distance  below  it ; 
with  increasing  depth  the  strain-hardness  effect  gradually  diminished. 
Repeated  impacts  only  slightly  increased  this  maximum  value. 
It  was  observed  that  increasing  the  number  of  impacts  on  the  already 
hardened  surface  slightly  decreased  the  hardness  of  the  outer  layer, 
whilst  it  increased  the  depth  of  the  strain-hardening.  In  order  to 
produce  the  maximum  work-hardening  effect  on  a  flat  siurface  of 
this  steel  with  a  single  blow  the  impact  value  had  to  be  very  high. 
For  example,  to  produce  a  surface  hardness  of  Rockwell  C50,  a 
stress  concentration  of  35,000  fb.-lb.  per  sq.  in.  was  required. 

Further  Notes  of  Precipitation  Hardening  in  the  Heavy  Alloys. 

W.  P.  Sykes.  (American  Society  for  Metals,  Oct.,  1940,  Preprint 
No.  25).  In  continuation  of  previous  investigations  {see  Joum.  I. 
and  S.I.,  1940,  No.  I.,  p.  41  a)  the  author  studied  further  aspects 
in  connection  with  the  precipitation-hardening  of  binary  iron- 
tungsten  and  iron-molybdenum  alloys,  ??iz. :  (a)  The  hardness 
changes  at  elevated  temperatiures  accompanying  precipitation  and 
the  attainment  of  structiural  equilibrium  at  these  temperatures ;  (6) 
the  behaviour  of  single-phase  as  compared  with  two-phase  alloys 
during  precipitation-hardening  at  intermediate  temperatures ;  and 
(c)  the  effect  on  precipitation-hardening  characteristics  of  the  rate 
of  cooling  after  solution  treatment.  The  alloys  studied  contained 
16-0-23-9%  of  tungsten  and  8-9-141%  of  molybdenum,  respectively. 
The  investigation  led  to  the  following  conclusions  :  (1)  The  precipi- 
tation hardening-characteristics  of  a  two-phase  alloy  seem  to  be 
identical  with  those  of  the  solid-solution  phase.  (2)  No  evidence 
was  obtained  which  indicated  that  the  presence  of  a  second  phase, 
either  highly  dispersed  or  in  massive  form,  introduces  sufficient 
additional  strain  during  the  quench  to  alter  the  rate  of  precipitation- 
hardening.     (3)  Water-quenching  after  the  solution  treatment  leads 
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to  the  formation  of  solid  solutions  whioh  are  measurably  harder 
than  those  obtained  by  air-cooling  and  which,  in  addition,  harden 
more  rapidly  during  subsequent  ageing. 

Steel  Mill  Oear  Tooth  Wear  mi  Failure.  J.  H.  Jones.  (Iron 
and  Steel  Engineer,  1940,  vol.  17,  Oct.,  pp.  60-52).  The  author 
discusses  from  a  practical  viewpoint  the  following  types  of  gear- 
tooth  wear  and  failure  :  (1)  Abrasion  or  common  wear ;  (2)  pitting; 
(3)  scoring ;  (4)  surface  flow ;  and  (5)  tooth  breakage.  He  points 
out  some  ways  of  obtaining  the  maximum  service  from  gears  of 
current  design. 

Abrasion  of  Steel  in  Vaoaom,  in  Hydrogen  Oas,  and  in  Nitrogen 
Oas.  S.  Saito  and  N.  Yamamoto.  (Nippon  Kinzoku  6akkai-Si, 
1940,  vol.  4,  Jan.,  pp.  26-36).  (In  Japanese).  The  authors  report 
on  a  series  of  tests  in  which  the  rates  of  wear  of  a  0*7%  carbon  steel 
in  a  vacuum,  in  air,  in  hydrogen  and  in  nitrogen  were  compared. 
The  tests  were  made  with  an  Amsler  abrasion-testing  machine.  It 
was  established  that  the  wear  in  nitrogen  and  in  hydrogen  is  several 
times  greater  than  that  in  air.  As  the  pressure  decreases  and  the 
degree  of  oxidation  decreases,  the  loss  in  weight  by  wear  gradually 
increases,  the  maximum  loss  being  reached  at  approximately 
0*1  mm.  of  mercury.  This  maximum  loss  in  weight  in  a  vacuum  is 
greater  than  that  in  either  hydrogen  or  nitrogen,  and  is  very  much 
greater  than  that  in  air.  When,  however,  the  vacuum  is  greater 
than  0*1  mm.  of  mercury,  a  sudden  change  in  the  rate  of  wear  occurs 
and  it  becomes  much  less  than  that  in  air. 

lUction  and  Surtaoe  Finish.  (Proceedings  of  the  Special  Summer 
Conferences  on  Friction  and  Surface  Finish.  Massachusetts  liistitute 
of  Technology,  June  6,  6  and  7,  1940).  The  Depaitment  of 
Mechanical  Engineering  and  the  Department  of  Physical  Metallurgy 
of  the  Massachusetts  Institute  of  Technology  organised  a  symposium 
on  friction  and  surface  finish  in  order  to  bring  before  engineers  a 
summary  of  the  present  knowledge  of  this  subject.  The  symposium 
was  held  at  the  above  Institute  in  June,  1940.  The  present 
publication  contains  all  of  the  papers  which  were  presented 
together  with  the  written  discussions.  The  titles  and  authors  of 
the  papers  are  as  follows  : 

Some  General  Aspects  of  Rubbing  Surfaces,  by  A.  F.  Underwood. 

The  Metallurgy  of  Surface  Finish,  by  J.  Wulff. 

The  Preparation  of  Smooth  Surfaces,  by  D.  A.  Wallace. 

Description  and  Observation  of  Metal  Surfaces,  by  S.  Way. 

Surface  Friction  of  Clean  Metals,  by  H.  Ernst  and  M.  E.  Merchant. 

Boundary  Lubrication,  by  G.  B.  Karelitz. 

On  the  Mechanism  of  Boundary  Lubrication,  by  O.  Beeck,  J.  W. 

Givens,  A.  E.  Smith  and  E.  C.  Williams. 
Thin  Film  Lubrication,  by  F.  C.  Linn. 
Mechanisms  of  Wear  :  Their  Relation  to  Laboratory  Testing  and 

Service,  by  R.  W.  Dayton. 
How  Should  Engineers  Describe  a  Surface  ?  O.  R.  Schurig. 
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Thennal  Changes  in  Iron  and  SteeL  E.  Griffiths.  (Sheffield 
Metallurgical  Association  :  Iron  and  Coal  Trades  Review,  1940, 
vol.  141,  Nov.  29,  p.  661).  A  brief  account  is  given  of  the  work 
carried  out  in  the  Physics  Department  of  the  National  Physical 
Laboratory  on  determinations  of  the  specific  heats,  heats  of  trans- 
formation, coefficients  of  expansion  and  thermal  conductivities  of 
carbon  steels,  nickel  steels,  manganese  steels,  nickel-chromium  steels 
and  high-speed  steels.  This  work  was  undertaken  for  the  Thermal 
Treatment  Sub-Committee  of  the  Alloy  Steels  Research  Committee. 
A  detailed  account  of  it  will  be  found  in  Section  IX.  of  the  Second 
Report  of  the  Alloy  Steels  Research  Committee  (a  Joint  Committee 
of  the  Iron  and  Steel  Institute  and  the  British  Iron  and  Steel 
Federation). 

The  Development  of  Alloys  for  Use  at  Temperatures  above  1000 
Degrees  Fahr.  E.  R.  Parker.  (American  Society  for  Metals,  Oct., 
1940,  Preprint  No.  2).  The  author  discusses  some  of  the  factors 
which  afifect  the  resistance  of  metals  and  alloys  to  deformation  at 
high  temperatures.  He  points  out  that  whilst  the  thermal  activity 
of  atoms  is  a  factor  which  need  not  be  considered  with  regard  to 
deformation  at  low  temperatures,  it  is  of  great  importance  at  high 
temperatiures.  In  examining  the  properties  of  specimens  under 
stress  at  temperatures  above  1000°  F.,  the  author  has  found  that 
alloys  containing  precipitates  of  the  type  FcgW,  Fe3Mo2,  Fe3Nb2, 
FcgTa  and  ¥e^i  possess  greater  resistance  to  deformation  than  alloys 
which  depend  on  carbides  for  their  strength.  He  reports  on  a  series 
of  tensile  tests  at  room  temperature  and  at  1100°  F.  on  specially 
prepared  alloys  containing  the  metals  indicated  above  and  on  the 
relation  of  the  recrystallisation  temperature  to  the  results  obtained. 
The  results  of  this  work  supported  the  h3rpothesis  that  a  dispersed 
phase  of  an  intermetallic  compound  which  did  not  agglomerate 
rapidly  at  1100-1200°  F.  has  a  great  stabilising  influence  and  that 
alloys  containing  such  compounds  have  a  high  creep  resistance. 

Shiurp  Transition  from  Brittle  to  Ductile  in  Hot  Ingot  Lron. 
M.  Charlton.  (Metal  Progress,  1940,  vol.  38,  Sept.,  pp.  287-290). 
The  author  reports  on  a  series  of  tests  the  object  of  which  was  to 
determine  the  critical  temperature  at  which  a  marked  change  in 
the  ductility  of  hot  ingot  iron  takes  place.  Metal  from  four  heats 
of  ingot  iron  containing  0-03%  of  carbon  were  tested ;  two  of  these 
contained  about  0-26%  of  copper.  Specimens  24  in.  long  were 
used  on  which  an  8-in.  gauge  length  was  turned  to  0-800  in.  in  dia. 
These  were  placed  in  the  centre  of  an  electric-resistance  furnace 
and  the  protruding  ends  were  clamped  in  a  tensile-testing  machine. 
The  temperature  at  the  centre  of  the  specimen  was  measiu*ed  with  a 
thermocouple.  Tests  were  run  at  intervals  of  100°  F.  in  the  range 
1400-2400°  F.,  and  at  10°  intervals  m  the  range  1900-2000°  F. 
Specimens  from  the  four  heats  all  increased  in  brittleness  with 
increasing  temperature,  but  there  were  slight  differences  in  the  end 
of  the  brittle  temperature  range,  the  critical  temperatures  being 
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1940°,  1910°,  1930°  and  1910°  F.  The  tensile  strength  increased 
slightly  as  the  temperature  rose  from  1600°  to  1900°  F.,  whilst  the 
elongation  and  reduction  of  area  gradually  decreased.  A  sharp 
increase  in  the  elongation  and  reduction  of  area  marked  the  termina- 
tion of  the  brittle  range,  and  the  tensile  strength  decreased  gradually 
from  this  point  with  increasing  temperature.  It  appeared  that 
the  presence  of  copper  had  no  influence  on  the  results.  All 
four  heats  contained  approximately  the  same  amount  of  sulphur, 
but  two  of  them  contained  slightly  more  manganese  than  the 
other  two,  and  it  was  the  former  which  had  the  lowest  critical 
temperature. 

On  the  Adsorption  and  Absorption  of  Nitrogen  by  Iron  at  High 
Temperature.  1.  Hayashi.  (Tetsu  to  Hagane,  1940,  vol.  26,  Feb. 
25,  pp.  101-122).  (la  Japanese).  The  author  presents  the  results 
of  his  investigation  of  the  adsorption  and  absorption  of  nitrogen 
by  pure  iron  powder.  The  gas  was  passed  over  the  powder,  which 
was  held  at  different  temperatures  in  the  range  500-1350°  C.  and 
then  rapidly  cooled,  and  the  amount  of  nitrogen  in  the  metal  was 
determined  by  chemical  analysis. 

Properties  of  Low-Niokd  Steels  at  Low  Temperatures.  V. 
Chemyak  and  V.  Yanchevskiy.  (Stal,  1939,  No.  10-11,  pp.  66-67). 
(In  Russian).  The  authors  investigated  the  effect  of  cooling  to 
low  temperatiu*es  on  the  mechanical  properties  of  three  chromium - 
nickel  steels  of  the  following  analyses  : 

Carbon  %      . 
Silicon  % 
Manganese  % 
Phosphorus  % 
Chromium  % 
Nickel  %       . 

Tensile,  hardness  and  impact  tests  were  made  at  +  20°,  —80° 
and  —182°  C.  Repeated  cooling  to  low  temperatures  appeared  to 
have  no  effect  on  the  mechanical  properties  of  the  steels  as  measured 
subsequently  at  room  temperature.  The  impact  strengths  deter- 
mined at  —  183°C.  were  82%,  90%  and  37%  below  the  results 
obtained  at  room  temperature  for  steels  EI  130,  EI  180,  and  EI  100, 
respectively. 

Vanadium  in  Cast  Iron.  £.  Piwowarsky.  (Giesserei :  Foundry 
Trade  Journal,  1940,  vol.  63,  Nov.  28,  pp.  345-346 ;  Dec.  5,  pp. 
363-364;  Dec.  12,  pp.  383-384).  The  author  summarises  the 
available  information  on  the  effects  of  vanadium  on  the  properties  of 
cast  iron.  This  element  is  generally  added  in  amounts  varying  from 
0-08%  to  0-35%.  It  is  a  very  powerful  promoter  of  carbide  lorma- 
tion,  and  this  influence  appears  to  be  the  more  pronounced  the  lower 
the  carbon  and  silicon  contents  of  the  iron,  the  harder  the  melting 
furnace  is  driven  and  the  thinner  the  walls  of  the  casting.  Additions 
of  up  to  about  0-3%  of  vanadium  alter  the  structure  of  cast  iron 
only  slightly,  the  pearlite  tending  to  take  a  sorbitic  form.    Above 
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0*3%  of  vanadium,  free  carbides  occur;  these  have  a  spherical 
form,  tend  to  increase  segregation  and  impair  the  casting  properties. 
The  temperature  of  the  commencement  of  the  formation  of  temper 
carbon  is  raised  by  about  30-40°  C.  for  each  0*1%  of  vanadium. 
The  mechanical  properties  of  commercial  grades  of  oast  iron  are 
appreciably  improved  by  the  addition  of  vanadium,  the  tensile 
strength  being  increased  by  about  1*3-1*9  tons  per  sq.  in.  for  each 
0'  1  %  of  vanadium.  With  very  high-grade  iron  (with  tensile  strength 
above  about  20*3  tons  per  sq.  in.)  vanadium  has  only  a  slight 
beneficial  effect ;  if  the  tensile  strength  exceeds  about  22-8  tons  per 
sq.  in.,  additions  of  this  element  may  even  have  an  adverse  effect. 
The  addition  of  vanadium  frees  castings  from  gas  and  increases  their 
density.  Many  of  the  effects  of  vanadium  in  cast  iron  can  be  ex- 
plained by  the  fact  that  vanadium  carbides,  which  are  only  slightly, 
if  at  all,  soluble  in  molten  iron,  remove  carbon  from  the  material, 
thus  displacing  the  entire  iron-carbon  diagram  to  the  right.  Both 
wear  and  resistance  to  heat,  especially  in  the  400-600°  C.  range, 
appear  to  be  somewhat  improved  by  vanadium  additions.  In  chilled 
cast  iron,  such  as  cast-iron  rolls,  the  hardness  of  the  surface  is 
apparently  improved  to  a  lesser  extent  than  is  its  cleanness  and 
freedom  from  pores.  The  influence  of  vanadium  on  the  resistance 
to  scale  formation  has  not  yet  been  fully  elucidated,  but  the  author 
considers  that  no  special  advantages  are  to  be  expected.  Vanadium 
in  nitrided  cast  iron  appears  to  have  a  similar  effect  to  that  of 
chromium.  In  general,  vanadium  appears  to  be  able  to  replace  the 
element  chromium  rather  than  molybdenum  in  cast  iron.  The 
author  also  presents  a  table  of  the  analyses  of  a  number  of  vanadium 
cast  irons  and  their  applications  in  accordance  with  American 
practice. 

A  Practical  Study  on  High-Chromimn  Cast  Iron.  I.  Naito. 
(Tetsu  to  Hagane,  1940,  vol.  26,  Feb.  26,  pp.  71-76).  (In  Japanese). 
The  author  describes  tests  on  a  series  of  high-chromiimi  cast  irons, 
which  had  as  their  object  the  determination  of  the  optimimi  compo- 
sitions for  good  heat-resisting  and  wear-resisting  properties.  As  a 
result  of  these  tests  he  recommends  the  following  compositions 
for  heat  and  wear  resistance  respectively  :  (a)  Carbon  2*0-2-4%, 
chromium  22-26%,  silicon  0*6-0*8%,  manganese  1*0-2*0%  and 
aluminium  0-5-1*0%;  (6)  carbon  1*8-2*2%,  silicon  0*4-0*8%, 
manganese  0*4-0*8%  and  chromium  17-22%. 

Ladle  Additions  to  Cast  Iron.  R.  Schneidewind.  (Metal 
Progress,  1940,  vol.  38,  Oct.,  pp.  374-376,  377).  The  author 
discusses  the  effect  of  various  ladle  additions  in  the  manufacture  of 
alloy  cast  irons,  pointing  out  that  the  aim  of  modem  ladle  treatment 
is  to  select  the  alloys  added  so  as  to  balance  those  having  a  graphi- 
tising  effect  with  those  which  act  as  carbide  stabilisers.  In  con- 
clusion he  tabulates  data  on  the  effects  of  some  ladle  additions  on 
the  mechanical  properties  of  a  cast  iron  containing  3*10%  of  carbon, 
212%  of  silicon  and  0*69%  of  manganese. 
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On  the  EBect  of  Addition  of  Special  Elements  (Ni,  Cr,  W,  Ho,  V) 
npon  the  Mechanical  Properties  of  Special  SteeL  S.  Tamaki.  (Tetsu 
to  Hagane,  1940,  vol.  26,  June  26,  pp.  460-466).     (In  Japanese). 

Equivalent  British  and  S.A J!.  Nickel  Alloy  Steels.  (The  Mend 
Nickel  Company,  Limited,  1940).  This  brochm^  has  been  published 
by  the  Mond  Nickel  Co.,  Ltd.,  to  give  information  on  some  of 
the  S.A.E.  nickel  steels  which  might  be  of  assistance  to  British 
users.  It  contains  general  paiticulars  concerning  the  different  types 
of  steels,  followed  by  charts  showing  how  the  mechanical  properties 
are  affected  by  heat  treatment.  In  explanation  of  the  S.A.E. 
numbering  system  it  is  stated  that  the  first  of  the  four  digits  indicates 
to  which  class  the  steel  belongs ;  the  second  digit,  in  the  case  of  alloy 
steels,  generally  shows  the  approximate  percentage  of  the  pre- 
dominating element,  and  the  last  two  digits  indicate  the  average 
carbon  content  in  hundredths  of  1%. 

(hi  Alloy  Steels  for  the  Coal  Liqnefaction  and  other  High-Tempera- 
tore  and  ffigh-Pressore  Chemical  Industries.  M.  Kinugawa.  (Tetsu 
to  Hagane,  1940,  vol.  26,  Aug.  26,  pp.  609-616).  (In  Japanese). 
The  author  discusses  the  suitability  of  a  nimiber  of  alloy  steels  for 
the  manufacture  of  plant  to  operate  at  high  temperatures  and 
pressures,  e.g.,  for  ammonia  or  methanol  synthesis. 

Properties  of  the  Principal  Cr-Fe  and  Cr-Ni-Fe  Alloys.  (Metal 
Progress,  1940,  vol.  38,  Oct.,  pp.  464r-466).  Two  tables  are  repro- 
duced, the  first  of  which  contains  data  for  the  chemical  composition 
and  the  more  important  physical  and  mechanical  properties  of  2%, 
5%,  9%,  12%,  17%  and  27%  chromium  steels  and  of  cutlery 
material  containing  13-14%  of  chromium.  The  second  table  gives 
corresponding  information  on  18/8,  18/12,  26/12,  26/20  and  18/26 
chromium-nickel  steels. 

Chromium  Steels  from  2  to  16%  Chrominm.  H.  D.  Newell. 
(Metal  Progress,  1940,  vol.  38,  Oct.,  pp.  384-386).  The  author 
briefly  reviews  the  properties  of  commercial  steels  containing 
between  2%  and  16%  of  chromium,  pointing  out  that  a  stan- 
dardisation of  their  composition  is  desirable.  He  calls  particular 
attention  to  a  highly  creep-resistant  steel,  containing  2-26%  of 
chromium  and  1%  of  molybdenum,  and  to  a  recently  introduced 
highly  corrosion-resistant  steel,  containing  7%  of  chromium,  0-60% 
of  molybdenum  and  1%  max.  of  silicon. 

New  Devdopments  m  Stainless  Steels.  (Machinery,  1940,  vol.  67, 
Dec.  19,  pp.  330-331 ).  Some  recent  developments  in  the  composition 
and  production  of  stainless  steels  are  briefly  reviewed,  under  the 
following  headings  :  The  Pluramelt  process ;  carbon-molybdenum 
steel  plate ;  etching  medium  for  nickel-chromium  steel ;  influence 
of  annealing ;  cypritic  steels ;  stainless  steels  with  non-metallic 
backing ;  a  new  ageing  treatment  (heating  to  about  200°  C.  for 
about  24  hr.) ;  electrolytic  polishing ;  and  new  alloys. 

The  Effect  of  Molybdennm  and  Colombimn  on  the  Stmctore, 
Physical  Properties  and  Corrosion  Resistance  of  Austenitic  Stainless 
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Steels.  R.  Franks,  W.  O.  Binder  and  C.  R.  Bishop.  (American 
Society  for  Metals,  Oct.,  1940,  Preprint  No.  17).  The  authors  report 
on  an  investigation  of  the  influence  of  additions  of  molybdenum 
with  and  without  niobium  on  the  properties  of  nickel-chromium 
steels.  In  the  steels  examined,  the  chromium  content  ranged  from 
16%  to  26%,  the  molybdenum  from  0-90%  to  3-25%,  the  niobium 
from  0-40%  to  1-02%,  and  the  nickel  from  8%  to  22%.  The 
difficulty  in  the  hot-working  of  some  of  these  steels  is  associated 
with  the  formation  of  a  o-phase,  and  it  was  found  that,  in  the  steels 
containing  18-19%  of  chromium  and  12-14%  of  nickel,  the  addition 
of  1*50-2*25%  of  molybdenum  prevented  this  phase  from  being 
formed,  and  the  alloy  of  this  composition  had  satisfactory  hot- 
working  properties,  high  toughness  and  excellent  resistance  to 
corrosion  when  attacked  by  either  oxidising  or  reducing  agents.  The 
steels  containing  1*50-2*25%  of  molybdenum  were  subject  to  inter- 
granular  corrosion  and  the  h^hest  resistance  to  this  form  of  corrosion 
was  obtained  when  the  niobium  content  was  ten  times  the  carbon 
content ;  in  many  cases,  however,  an  addition  of  niobiimi  to  the 
extent  of  six  times  the  carbon  content  was  sufficient.  The  allojrs 
containing  these  elements  in  this  ratio  of  6  :  1  could  be  stress- 
relieved  without  loss  of  general  resistance  to  corrosion  and  were 
practically  immune  from  intergranular  corrosion,  and  they  are 
therefore  suitable  for  fabricating  into  vessels  and  other  articles 
which  must  be  given  stress-relieving  treatment. 

Influence  of  Heating  and  Clenching  Conditions  on  Mechanical 
Properties  and  Mierostnictures  of  High-Tensile  Steel  Rivets.  G. 
Mima.  (Tetsu  to  Hagane,  1939,  vol.  25,  Sept.  25,  pp.  721-733). 
(In  Japanese).  The  author  describes  some  of  the  effects  of  the 
operations  of  rivet-making  and  rivet-closing  on  the  mechanical 
properties  and  microstructure  of  high-tensile  steel  rivets. 

War  Emergency  British  Standard  Specification  for  Steel  Tabes 
and  Tubolanu  Light  Weight  and  Heavy  Weight  Qualities.  (Beviaed 
Weights).  (British  Standards  Institution,  No.  789A-1940).  This 
specification  provides  for  the  replacement  of  the  three  qualities  of 
tube  laid  down  in  British  Standard  Specification  No.  789,  namely, 
gas,  water  and  steam  qualities  by  two  grades  designated  respectively 
Light  Weight  "  and  "  Heavy  Weight." 
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Exposure  Chart  for  Radiography  of  Steel.  H.  R.  Isenburger. 
(Metal  Progress,  1940,  vol.  38,  Oct.,  p.  663).  The  author  explains 
the  use  of  diagrams  designed  to  give  information  on  the  exposure 
time  required,  under  certain  experimental  conditions,  for  the 
radiographic  examination  of  steel  specimens  of  various  thickness. 
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Non-Destractive  Prodaction  Test  for  Steel  Tubing.  (Steel,  1940, 
vol.  107,  Oct.  21,  pp.  38-40,  76).  A  description  is  given  of  a  non- 
destructive testing  machine  for  the  rapid  detection  of  faults  in 
steel  tuhes.  The  machine  is  a  development  of  the  Sperry  fault- 
detecting  car  for  rails.  The  machine  consists  of  a  stand  on  which 
are  mounted  sets  of  energising  and  detecting  coik  with  amplifiers, 
drive  rolls,  controls  and  auxiliary  equipment,  so  designed  that  a 
medium-frequency  current  is  induced  in  a  circular  direction  in  the 
tube.  The  machine  will  test  tubes  from  ^  in.  to  2^  in.  in  dia.  and 
from  7  to  22  gauge.  By  suitable  calibration  it  is  possible  to  adjust 
the  detector  so  that  defects  below  a  specified  size  are  not  indicated. 

The  Examination  of  Metals  by  Ulirasonies.  A.  Behr.  (Metal- 
lurgia,  1940,  vol.  23,  Nov.,  pp.  7-11).  The  author  gives  an  account 
of  the  development,  during  the  last  decade,  of  the  use  of  ultrasonics 
for  the  examination  of  metals,  referring,  in  particular,  to  Russian 
publications  on  this  subject.  After  an  introduction  dealing  in  an 
elementary  way  with  the  properties  of  ultrasonics  and  the  methods 
of  their  production,  he  describes  at  some  length  the  arrangement 
of  apparatus  incorporating  various  types  of  defectoscopes  in  which 
use  is  made  of  ultrasonics  for  the  examination  of  metals.  In 
conclusion  he  briefly  discusses  the  advantages  and  disadvantages 
of  the  ultrasonic  method  of  testing,  as  compared  with  radiographic 
methods. 

The  Tracer  Method  of  Measuring  Sorfaoe  biegolarities.    E.  J. 

Abott.  (American  Society  for  Metals,  Oct.,  1940,  Preprint  No.  66). 
The  author  points  out  that  the  microscope  and  the  profile  tracer  are 
two  instruments  which  supplement  each  other  for  measuring  surface 
irregularities,  the  former  being  valuable  for  vertical  observations  of 
closely  spaced  irregularities  and  the  latter  for  profile  observations 
of  widely  spaced  irregularities.  He  briefly  outlines  the  technical 
details  of  the  tracer  method,  and  states  that  several  profile  recorders 
have  been  built  during  the  last  decade.  They  all  have  in  common 
a  fine  tracer  point  which  is  drawn  over  the  surface  to  be  measured. 
The  motions  of  this  point  are  magnified  and  recorded  in  various 
ways  in  order  to  obtain  a  record  of  the  profile  of  the  surface.  He 
discusses  the  correlation  of  profile  tracer  records  and  microscopic 
observations,  comparing  the  results  obtained  by  both  methods 
when  examimng  the  surfaces  of  ground  and  poUshed  steel  specimens. 

Method  for  Identification  of  Inclusions  in  Iron  and  SteeL  (Metal 
Progress,  1940,  vol.  38,  Oct.,  p.  376).  A  flow  sheet  is  reproduced 
representing  a  method  for  the  identification  of  inclusions  in  iron  and 
steel,  which  was  originated  by  Campbell  and  Comstock  (see  Pro- 
ceedings of  the  American  Society  for  Testing  Materials,  1923,  vol. 
23,  Part  1,  pp.  621-622)  and  modified  by  C.  R.  Wohrmann,  M.  Scheil 
and  M.  Bayertz. 

Rating  of  Inclusions  (**  Dirt  Chart ").  (Metal  Progress,  1940, 
vol.  38,  Oct.,  p.  378).  Two  charts,  called  "  dirt  charts,*'  are  repro- 
duced which  were  developed  by  6.  W.  Walker  for  the  rating  of 
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silicate  and  oxide  inolusions  respectively  in  steels  used  in  automobile 
manufacture. 

On  the  Haciostnictures  of  Alloy  Steel  Forgings.  S.  Nishigori. 
(Tetsu  to  Hagane,  1940,  vol.  26,  June  25,  pp.  429-435).  (In 
Japanese).  The  author  discusses  the  macrostruoture  of  low-alloy 
steel  forgings,  such  as  gear  blanks,  crankshafts  and  connecting  rods, 
with  paiticular  reference  to  the  influence  of  the  manner  and  tempera- 
ture of  the  heating  prior  to  forging. 

Standard  Grain  Sizes  for  Steels.  (Metal  Progress,  1940,  vol.  38, 
Oct.,  p.  380).  Eight  micrographs  are  reproduced  representing 
standard  grain  sizes,  at  100  diameters,  of  steels  which  were  carburised 
and  slowly  cooled  to  develop  a  cementite  network.  The  following 
ranges  of  grain  size  per  sq.  in.  are  represented  :  (1)  Up  to  1^,  (2)  1^ 
to  3,  (3)  3  to  6,  (4)  6  to  12,  (5)  12  to  24,  (6)  24  to  48,  (7)  48  to  96, 
and  (8)  more  than  96  grains  per  sq.  in. 

On  the  Anstenitic  Grain  Siase  of  Carbon  SteeL  S.  Yanagisawa 
and  M.  Yamashita.  (Tetsu  to  Haeane,  1939,  vol.  25,  Deo.  25, 
pp.  1027-1034).  (In  Japanese).  The  authors  report  the  results 
of  tests  on  high-carbon  steel  sheets,  the  object  of  which  was  to 
ascertain  the  relative  merits  of  eund  and  basic  open-hearth  steels  and 
the  influence  of  the  grain  size  on  the  mechanical  properties.  The 
two  kinds  of  steel  had  approximately  the  same  tensile  strength,  but 
the  basic  steel  had  a  lower  impact  strength  than  the  acid  steel; 
this  was,  however,  due  to  differences  in  grain  size. 

Inflnence  of  ffilicon  and  Alnminiom  Additions  on  the  Ocxnsti- 
tutional  Diagram  of  4/6  Chromium-Holybdennm  Steels.  C.  L. 
Clark  and  M.  A.  Bredig.  (American  Society  for  Metals,  Oct.,  1940, 
Preprint  No.  34).  The  authors  studied  the  effects  of  silicon  and 
aluminium  additions  on  the  constitutional  diagram  of  4/6  chromium- 
molybdenum  steel.  They  used  two  series  of  steels  with  varying 
aluminium  and  silicon  contents,  respectively.  The  first  series 
contained  0*52-0*59%  of  aluminium  and  the  silicon  content  varied 
between  0*25%  and  5*00%,  whereas  in  the  second  series,  containing 
between  1*24%  and  1-34%  of  silicon,  the  cJuminium  content  varied 
between  0*002%  and  1*51%.  Both  series  of  steels  contained  carbon 
0*  12-0*  15%,  manganese  0*33-0-38%,  phosphorus  0*010-0-018%, 
sulphur  0014-0*019%,  chromium  4*86-5*23%  and  molybdenum 
0*52-0*59%.  The  authors  determined  the  critical  ranges  of  the 
steels  by  heating  and  cooling  curves  and  carried  out  hardness  deter- 
minations on  specimens  quenched  from  1400°  C.  In  addition  many 
of  the  quenched  specimens  were  subjected  to  a  metaUographic 
examination.  The  investigation  indicated  that  in  steels  containing 
about  0*55%  of  aluminium  the  inner  y  loop  is  closed  at  approxi- 
mately 1*40%  of  silicon,  while  in  the  presence  of  1*25%  of  silicon, 
the  same  result  is  accomplished  by  0*65%  of  aluminium.  The 
additive  effect  of  these  two  elements  in  eliminating  the  a-y  trans- 
formation is  thus  not  the  same  as  that  known  for  carbon- jBree  alloys. 
The  results  also  showed  that,  in  the  presence  of  0-12-0-14%  of  carbon, 
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the  mixed  a  -f  y  field  is  several  times  as  wide  as  the  homogeneous 
y  area  at  the  temperature  of  maximum  y  solubility.  The  authors 
also  found  that  the  mixed  a  -f  y  field  passes  directly  into  a  partially 
liquid  state  on  heating,  not  into  a  homogeneous  a  condition. 

Kinetics  and  Reaction  Prodncts  of  the  Isothermal  Transformation 
of  a  6  per  cent  Tongsten-6  per  cent  Holybdenmn  High-Speed  SteeL 
J.  L.  Ham,  R.  M.  Parke  and  A.  J.  Herzig.  (American  Society  for 
Metals,  Oct.,  1940,  Preprint  No.  18).  By  means  of  dilatometric 
tests,  metallographic  examinations  and  hardness  determinations 
the  authors  investigated  the  isothermal  reaction  rates  and  constructed 
the  S  cooling  curve  (according  to  Davenport  and  Bain)  for  a  high- 
speed steel  containing  carbon  0*80%,  chromium  4*07%,  tungsten 
^"70%,  vcmadium  1'66%  and  molybdenum  6-09%.  The  curve 
discloses  that  the  austenite  of  this  steel  transforms  very  slowly,  if 
at  all,  between  595°  and  370°  C.  when  quenched  from  a  solution 
temperature  just  below  the  solidus.  The  rate  of  transformation 
is  not  rapid  at  any  temperature  between  815°  C.  and  room  tempera- 
ture, but  is  faster  at  room  temperature  than  at  any  other 
investigated.  It  would  therefore  be  expected  that  this  steel  would 
undergo  transformation  at  close  to  room  temperature  when  light 
sections  are  quenched  in  oil  and  consequently  might  develop 
quenching  cracks.  That  such  cracks  do  not  occur  firequently  may 
be  attributed  to  the  retention  of  considerable  amounts  of  austenite. 
Between  room  temperature  and  370°  C,  the  austenite  of  this  steel 
is  converted  to  an  acicular  product,  whilst  between  595°  and  815°  C. 
the  product  is  spheroidal.  The  heat  treatment  of  this  steel  is  dis- 
cussed in  relation  to  the  information  revealed  by  the  S-curve. 

Dilatometric  Studies  in  the  Transformation  of  Austenite  in  a 
Holybdenmn  Cast  Iron.  D.  B.  Oakley  and  J.  F.  Oesterle.  (American 
Society  for  Metals,  Oct.,  1940,  Preprint  No.  11).  The  authors  report 
the  results  of  an  investigation  on  the  transformation  of  austenite  in 
two  cast  irons  both  containing  2*9%  of  carbon  and  2*1%  of  silicon, 
one  of  which  contained  0*5%  of  molybdenum.  Each  specimen  was 
heated  in  an  electric  furnace  to  1525°  F.  for  about  15  min.  and  then 
plunged  into  a  salt-bath,  and  the  expansion  was  measured  with  a 
dilatometer  as  the  cooling  proceeded.  A  large  number  of  tests 
were  made  with  salt-baths  held  at  temperatures  varying  from  1000° 
to  400°  F.  in  stages  of  100°  F.  From  the  time-expansion  curves 
obtained  the  rate  of  transformation  could  be  determined.  The 
results  showed  that  the  addition  of  0-5%  of  molybdenimi  had  little 
effect  on  the  rate  of  transformation  except  at  the  lowest  temperature 
studied,  i.e.,  400°  F.  At  the  lower  temperatures  the  curves  show 
periods  of  no  expansion  after  some  primary  expansion  has  taken 
place.  This  may  be  evidence  of  the  two-stage  reaction  observed 
by  Davenport  and  Bain.  This  type  of  reaction  occurred  in  the 
molybdenum  iron  at  temperatures  up  to  500°  F.,  whereas  the  iron 
with  no  molybdenum  showed  it  up  to  600°  F.  A  number  of  micro- 
graphs  of  the  specimens  after  expansion  are  reproduced. 
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Equilibrium  Relations  in  the  Solid  State  of  the  Iran-Ctobalt 
System.  W.  C.  Ellis  and  E.  S.  Greiner.  (American  Society  for 
Metals,  Oct.,  1940,  Preprint  No.  16).  The  authors  have  invest^ated 
the  (t-y  transformation  in  iron-cobalt  alloys  by  thermal  and  A-ray 
difi&action  methods.  In  the  present  paper  they  compare  their 
results  with  those  of  earlier  investigators  and  present  an  equilibrium 
diagram  of  the  iron-cobalt  system  in  the  solid  state.  The  addition 
of  increasing  quantities  of  cobalt  at  first  raises  the  A,  point  until 
a  maximum  is  reached  at  about  45%  of  cobalt ;  further  additions 
lower  the  transformation  temperature  which,  at  about  80%  of 
cobalt,  rapidly  approaches  room  temperature.  An  extended  two- 
phase  region  between  76*5%  and  88*5%  cobalt  was  established  at 
600^  C.  An  order-disorder  transition  occurs  in  the  a-phase  in  the 
region  of  50%  of  cobalt.  The  critical  temperature  of  order  is  at  about 
700^  C.  depending  upon  the  composition.  The  ordered  arrangement 
has  the  cesium-chloride  structure.  The  lattice  constants  of  the 
a-phase  deviate  widely  from  a  linear  function  of  the  cobalt  content. 
The  first  additions  of  cobalt  increase  the  cell  size  to  a  maximum  at 
approximately  20%  of  cobalt  and  further  additions  result  in  a 
contraction  in  the  cell  size  to  the  limit  of  the  a-phase. 
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CoRosion  of  Metals  and  Alloys  by  Hue  Gases.— Appendix  L 

L.  Shnidman  and  J.  S.  Yeaw.  (Proceedings  of  the  American  Oas 
Association,  Twenty-first  Annual  Convention,  1939,  pp.  542-552). 
This  paper  constitutes  an  appendix  to  a  report  of  the  work  of  the 
Gas  Conditioning  Committee  of  the  American  Gas  Association  which 
is  studying  the  advisability  of  removing  organic  sulphur  firom 
gaseous  fuels.  The  authors  describe  an  investigation  of  the  rates 
of  corrosion  of  various  metals  and  alloys  in  fiue  gases  containing 
up  to  0*4  g.  of  sulphur  per  100  cu.  ft.  They  compare  these  rates 
with  those  obtained  previously  with  gases  containing  higher 
concentrations  of  sulphur.  The  results  showed  that  18/8  stainless 
steel  was  far  superior  to  any  of  the  metals  or  alloys  tested.  The 
materials  tested  were,  in  decreasing  order  of  resistance,  18/8  stainless 
steel,  zinc,  16%  chromium  steel,  a  number  of  copper  alloys,  alumin- 
ium, lead  and  iron. 

Report  on  Corrosion  of  Metals  and  Alloys  by  Hue  Gases. — 
Appendix  IE.  E.  J.  Murphy.  (Proceedings  of  the  American  Gas 
Association,  Twenty-first  Annual  Convention,  1939,  pp.  553-556). 
The  author  reports  on  an  investigation  of  the  comparative  rates  of 
corrosion  of  various  metals  and  alloys  in  fiue  gases  containing,  and 
free  from,  sulphur  compounds.    For  the  sulphur-free  gas  a  synthetic 
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mixture  containing  approximately  6%  of  carbon  dioxide,  12-5% 
of  oxygen  and  82*5%  of  nitrogen  was  used.  In  both  tests  samples 
of  stamless  steel  were  unaffected  by  the  gases.  In  the  synthetic 
mixture  galvanised  iron  was  corroded  to  the  greatest  extent,  followed 
in  order  by  Wilder  metal,  copper,  and  lead-coated  copper.  In  the 
sulphur-bearing  gases  Wilder  metal  suffered  the  greatest  corrosion, 
followed  by  galvanised  iron,  copper  and  lead-coated  copper.  It 
was  evident  that  the  presence  of  sulphur  markedly  increased  the 
rate  of  corrosion. 

The  Results  of  Some  Coiiosion  Tests  of  Metals  and  Alloys  in  the 
By-Prodact  Coke  Industry.  O.  B.  J.  Fraser  and  6.  L.  Cox.  (Pro- 
ceedings of  the  American  Gas  Association,  Twenty-first  Annucd 
Convention,  1939,  pp.  605-614).  The  authors  present  and  discuss 
the  results  of  a  number  of  corrosion  tests  in  processes  associated 
with  the  coke-oven  by-product  industry.  A  general  consideration 
of  the  data  obtained  indicates  that  Inconel  and  stainless  steels  of 
the  chromium-nickel  and  chromium-nickel-molybdenum  types  are 
suitable  for  equipment  for  the  distillation  of  crude  benzol  and  coal 
tar,  for  resisting  the  attack  of  ammonium  thiocyanate,  and  for 
processes  in  which  sulphur  dioxide  \b  present. 

The  Add-Besistivity  of  Iron  Alloys  (5ih  Report).  The  Add- 
Besistivi^  of  Fe-Cr-Ck>  and  Fe-Cr-Ca  Alloys.  T.  Murakami  and  T. 
Sato.  (Nippon  Kinzoku  Gakkai-Si,  19M,  vol.  4,  Mar.,  pp.  65-68). 
(In  Japanese).  The  authors  discuss  the  results  obtained  in  a  series 
of  corrosion  tests  in  10%  aqueous  solutions  of  nitric,  hydrochloric 
and  sulphuric  acids  at  25°  C.  on  the  following  groups  of  alloys : 
(1)  Iron-chromium-cobalt  alloys  containing  12%  and  18*5%  of 
chjTomium  with  cobcdt  in  the  range  4-5-50-0% ;  (2)  a  ternary  iron 
alloy  containing  chromium  20-93%,  cobalt  50-48%  and  carbon 
0-06%  ;  and  (3)  a  number  of  iron-chromium-copper  alloys  containing 
6%,  13%,  18%  and  24%  of  chromium  with  copper  varying  in  the 
range  0-27-2-06%. 

The  Add-Besistivity  of  Iron  Alloys  (6th  Report).  The  Add- 
Besistivity  of  Fe-Cr-Mn  Alloys.  T.  Murakami  and  T.  Sato.  (Nippon 
Kinzoku  Gakkai-Si,  1940,  vol.  4,  June,  pp.  160-162).  (In  Japanese). 
The  authors  present  the  results  obtained  in  their  investigation  of 
the  rates  of  corrosion  in  nitric,  hydrochloric  and  sulphuric  acids  of  a 
series  of  iron-chromium-manganese  alloys  containing  6%,  14%, 
18-5%  and  26%  of  chromium  with  manganese  in  the  range  1-82- 
12-45%  and  carbon  in  the  range  0-03-0-25%. 
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The  Preparation  of  Ironstone.  J.  B.  Bannister  and  6.  D.  Elliot. 
(Lincolnshire  Iron  and  Steel  Institute,  Nov.  19, 1940).  The  authors 
describe  in  detail  the  quarrying  and  preparation  of  the  Lincolnshire 
and  Northamptonshire  ores  smelted  in  the  blast-furnaces  of  the 
Appleby -Frodm^am  Steel  Co.,  Ltd.,  with  particular  reference  to 
blending  by  the  Kobins-Messiter  system  of  biding,  and  to  sintering 
in  GreenawfiJt  and  Dwight-Lloyd  plants. 

Sink-and-Float  Separation  Applied  Saecesstolly  on  the  MesabL 
G.  J.  Holt.  (Ei^gineering  and  Mining  Journal,  1940,  vol.  141, 
Sept.,  pp.  33-38).  The  author  describes  and  illustrates  the  ore- 
concentration  plant  at  Cooley,  Minnesota,  where  ores  from  the 
Mesabi  range  are  treated.  The  plant  operates  on  the  Butler  Brothers' 
system.  "Kie  principal  feature  of  this  is  the  double-cone  separator 
in  which  the  medium  is  a  suspension  of  crushed  ferro-silicon  (iron 
83%,  silicon  14-15%)  in  water.  This  suspension  has  a  specific 
gravity  of  6*7-7 '0.  The  medium  is  cleaned  by  passing  it  through 
a  direct-current  magnetising  coil  which  magnetises  the  ferro-silicon 
particles  so  that  they  adhere  to  each  other  to  form  larger  particles, 
a  factor  which  increases  the  rate  of  settling.  The  plant  described 
has  a  capacity  of  about  350  tons  per  hr. 

Equipment  for  the  Poriflcation  of  Effluent  from  Concentration 
Plants.  S.  Mortsell.  (Jemkontorets  Annaler,  1940,  vol.  124,  No.  8, 
pp.  393-458).  (In  Swedish).  The  author  discusses  the  theory  and 
practice  of  the  purification  of  the  water  used  in  ore-concentration 
plants.  After  reviewing  the  nature  and  properties  of  the  dissolved 
and  undissolved  impurities,  the  author  devotes  the  major  part  of  his 
paper  to  the  treatment  of  slimes,  quoting  the  restdts  obtained  by 
many,  particularly  American,  investigators  as  well  as  some  of  his 
own  work.  In  the  latter  part  of  the  paper  he  describes  and  discusses 
plant  and  equipment  for  the  thickening,  centrifuging  and  filtering 
of  slimes. 

FUEL 


(Continued  from  pp.  88  A-89  a) 

Steel  MiU  Boiler  Plants.  J.  W.  Vicary.  (Steel,  1940,  vol.  107. 
Dec.  16,  pp.  64-66).  The  author  gives  a  brief  illustrated  description 
of  the  high-pressure  boiler  plant  of  the  Weirton  Steel  Co.,  in  West 
Virginia,  which  was  placed  in  operation  in  1936  and  which,  on  account 
of  the  very  satisfactory  results  obtained,  will  be  extended  in  the 
near  futiure. 
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Power  Generation  Expansion  at  Bethlehem's  Lebanon  Plant. 

H.  U.  Johns.  (Iron  and  Steel  Engineer,  1940,  vol.,  17,  Dec,  pp. 
52-67).  The  author  presents  data  relating  to  the  size,  capacity  and 
operating  costs  of  the  boilers  of  the  power  station  at  the  Lebanon 
plant  of  the  Bethlehem  Steel  Company,  and  describes  a  steam- 
generating  unit  that  has  recently  been  added.  This  unit  consists 
of  a  three-drum  bent-tube  boiler  with  a  heating  surface  of  12,600 
sq.  ft.  designed  for  a  maximum  working  pressure  of  726  lb.  per 
sq.  in. 

The  Calorific  Vahie  of  Carbon  in  Coal :  The  Dnlong  Relationship. 
R.  A.  Mott  and  C.  E.  Spooner.  (Fuel  in  Science  and  Practice, 
1940,  vol.,  19,  Nov.,  pp.  226-231 ;  Dec,  pp.  242-249).  The  authors 
point  out  that  in  aU  considerations  of  the  thermal  reactions  in  a 
boiler,  gas  producer  or  blast-furnace  the  heat  produced  in  the 
reaction : 

G  +  O,  «  CO,  +  Q  calories 

is  of  major  importance,  but  that  the  values  for  Q  used  by  different 
authorities  vary.  The  range  of  values  used  leads  to  many  mis- 
conceptions and  errors,  and  in  the  present  paper  the  authors  show 
how  values  for  the  calorific  value  of  carbon  in  coal  or  coke  can  be 
selected  to  provide  a  more  accurate  basis  for  theoretical  considerations 
of  the  combustion  of  coal  and  coke.  By  analysing  the  United  States 
Biureau  of  Mines  data  for  the  calorific  value  of  laboratory  cokes 
made  at  different  temperatures  from  a  series  of  twenty-eight  coals 
varying  considerably  in  rank,  and  applying  suitable  corrections,  the 
authors  show  that  the  calorific  value  of  carbon  in  bituminous  coals 
does  not  vary  and  may  be  taken  as  8000  ±  10  cal.  per  g. 

Barvoys  Washecy  at  a  Midland  Colliery.  (Iron  and  Coal  Trades 
Review,  1941,  vol.  142,  Jan.  10,  pp.  31-32).  An  illustrated  de- 
scription is  given  of  a  Barvoys  coed- washing  plant  recently  put  in 
operation  at  an  English  colliery.  The  coal  in  question  contains  a 
hard  band  of  low  specific  gravity  and  dull  appearance  about  1  in. 
thick.  The  plant  has  a  t&ough-put  of  100  tons  per  hr.,  and  the 
scheme  of  operation  provides  for  three-product  separation  of  the 
raw  coal  in  a  single  Barvoys  bath,  filled  with  a  medium  of  1*30 
sp.  gr.,  and  provided  with  middlings  extraction  equipment.  The 
heavy  medium  for  the  separation  consists  of  a  mixture  of  clay, 
barytes  and  water,  and  the  system  provides  for  the  circulation 
of  liquids  comprising  heavy  medium,  diluted  medium,  clarified  water 
and  fresh  water  for  the  final  spraying  of  the  washed  products. 

Washed  Coal  as  Applied  to  Metallurgical  Practice.  I.  M.  Mc- 
Lennan. (Bureau  of  Steel  Manufactiu'ers  of  Australia,  1940,  vol.  1, 
Sept.,  pp.  3-49).  After  a  general  review  of  the  purpose  of  coal 
washing  and  of  the  principles  on  which  ash  removal  is  based, 
the  author  briefly  describes  the  development  of  the  Chance,  Barvoys, 
Tromp  and  Staatsmijnen-Loess  processes.  From  this  general 
consideration  of  the  subject  he  turns  to  the  particular  problem  of 
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cleaning  Australian  coals  and  describes  some  tests  made  in  1939 
with  an  experimental  plant  to  ascertain  whether  the  regular  coking 
coals  used  by  the  Broken  Hill  Proprietary  Co.  were  amenable  to 
cleaning  by  dense  media  methods.  It  was  found  that  a  suitable 
stable  separating  medium  could  be  prepared  from  blast-furnace 
flue  dust  which  is  removed  from  the  gas  in  a  dry  cyclone-type  col- 
lector. It  is  a  very  cheap  medium  as  it  is  virtually  an  unused 
by-product  of  the  Australian  iron  smelting  industry.  This  flue  dust 
was  used  without  any  pretreatment,  it  being  simply  made  into  a 
slurry  with  water,  and  it  was  also  unnecessary  to  add  any  clay,  as 
the  bath  soon  picked  up  sufGicient  clay  material  from  the  raw  coal. 
The  author  is  of  the  opinion  that  this  medium  would  be  equally 
successful  in  a  large-scale  commercial  installation.  He  presents  data 
and  discusses  the  results  obtained  in  these  experiments,  and  in 
conclusion  describes  the  Barvoys,  Tromp  and  Staatsmijnen-Loess 
processes  in  detail. 
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(C!ontinued  from  pp.  89  A-90  a) 

Recent    European    Developments    in    Pig-iron    Hanatactore. 

N.  L.  Evans.  (Institute  of  British  Foundrymen  :  Foundry  Trade 
Journal,  1941,  vol.  64,  Jan.  9,  pp.  19-22).  The  author  describes 
briefly  the  experiments  which  were  made  both  in  England  and  on 
the  Continent  during  the  last  ten  years  in  order  to  develop  the  manu- 
facture of  pig  iron  from  lean  ores.  Most  of  this  work  relates  to 
desulphurising  the  iron  with  sodium  carbonate  after  it  leaves  the 
blast-furnace.  The  author  mentions  the  application  of  desulphurisa- 
tion  in  the  recently  revived  Armstrong  Whitworth  process  for  the 
production  of  high-carbon  iron  from  remelted  scrap,  this  iron  being 
intended  as  a  substitute  for  pig  iron  in  the  manufacture  of  steel. 
In  discussing  ladle  linings,  the  author  points  out  that  the  efficiency 
of  sodium  carbonate  as  a  desulphurising  reagent  is  impaired  when 
it  is  contaminated  with  silica,  and  that  such  contamination  invariably 
occurs  when  an  acid-lined  vessel  is  used,  or  when  a  siliceous  furnace 
slag  is  allowed  to  enter  the  ladle.  The  author  is  at  present  investigat- 
ing tar-dolomite  linings  for  ladles,  and  has  already  succeeded  in  re- 
ducing the  silica  content  of  the  soda  slag,  thus  bringing  about  a 
marked  improvement  in  the  degree  of  desulphurisation  of  the  iron. 
Use  of  Sinter  in  Blast-Fomace  Burdens.  J.  H.  Slater.  (Ameri- 
can Institute  of  Mining  and  Metallurgical  Engineers,  Technical 
Publication  No.  1263:  Metals  Technology,  1940,  vol.  7,  Dec). 
The  author  describes  some  tests  of  the  benefits  accruing  from  adding 
sinter  to  the  charge  of  blast-furnaces  at  the  works  of  the  Republic 
Steel  (Corporation.    The  sinter  was  prepared  from  a  mixture  of 
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40%  blast-furnace  flue  dust  and  60%  Mesabi  ore  fines  under  }  in., 
and  it  had  the  foUowing  approximate  analysis  :  iron  57*80%,  silica 
12-10%,  phosphorus  0-096%,  manganese '0-98%,  alumina  201%, 
lime  2-08%  and  magnesia  0-20%.  Two  furnaces  of  identical  di- 
mensions producing  about  550  tons  of  iron  per  day  were  used  and 
three  tests  each  of  30  days'  duration  were  run.  In  two  of  the  tests 
one  furnace  was  nm  without  sinter  and  in  the  third  with  35%  of 
sinter  in  the  burden.  In  the  two  tests  using  sinter  there  was  a 
considerable  increase  in  the  amount  of  iron  produced  and  a  re- 
duction in  the  coke  consumption  per  ton  of  iron.  An  additional 
benefit  was  the  greater  smoothness  of  furnace  operation  with  an 
improved  uniformity  in  the  quality  of  the  iron.  Further  tests  have 
shown  that  increasing  the  proportion  of  sinter  in  the  burden  to 
more  than  50%  is  not  advantageous,  because  the  charge  becomes  so 
open  that  intimate  gas-solid  contact  is  not  attained. 

Limitations  of  Powder  Hetalhirgy.  E.  S.  Patch.  (Iron  Age, 
1940,  vol.  146,  Dec.  19,  pp.  31-34).  The  author  considers  the  present 
position  in  the  development  of  the  manufacturing  process  known  as 
powder  metallurgy.  He  deals  peurticularly  with  the  production 
of  gears  and  then  discusses  the  foUowing  factors  which  affect  the 
continued  development  of  the  process  :  (1)  The  metal  powder  does 
not  flow  £reely  so  that  pieces  with  re-entrant  angles  cannot  be  formed ; 
(2)  tolerances  in  length  must  be  slightly  more  liberal  than  those 
necessary  for  conventional  methods  of  finishing ;  (3)  a  tolerance  for 
concentricity  of  about  0*003  in.  must  be  aUowed ;  (4)  a  peurt  can 
only  be  made  profitably  by  powder  metallurgy  when,  in  producing 
it  by  machining  a  casting,  the  cost  of  machining  is  high  in  proportion 
to  the  cost  of  the  material ;  and  (5)  there  must  be  a  market  for  a 
sufficient  number  of  parts  to  justify  the  high  cost  of  the  special  dies 
and  tools. 


FOUNDRY  PRACTICE 


(Continued  from  pp.  90  A-91  a) 

The  Foundryman  and  the  Metalliirgist.  F.  Dunleavy.  (In- 
stitute of  British  Foundrymen :  Foundry  Trade  Journal,  1941, 
vol.  64,  Jan.  9,  pp.  24-26 ;  Jan.  16,  p.  41).  The  author  discusses 
the  need  for  co-operation  between  the  foundryman  and  the  metallurg- 
ist and  cites  a  number  of  cases  in  which  a  metallurgist  has  been 
able  to  detect  the  causes  of  changes  in  the  behaviour  of  a  cupola 
when  there  was  no  apparent  change  in  the  cupola  practice. 

Some  Recent  Developments  in  Iron  and  Steel  Castings.  R.  C. 
Good.  (Pittsburgh  Foundrymen 's  Association :  Foundry,  1940, 
vol.  68,  Oct.,  pp.  46-48,  110-112;  Nov.,  pp.  42-44,  103-105). 
The  author  reviews  recent  developments  in  foundry  technique  for 
the  improvement  in  quality  of  grey  iron  and  steel  castings.    He 
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rejproduoes  micrographB  which  show  that  by  using  a  selected  charge 
of  steel,  cast  iron  and  briquetted  alloys,  a  fair  degree  of  strength 
and  ductility  can  be  obtained  in  the  iron  produced.  A  reduction 
of  the  depth  of  chill  and  a  softening  of  light  sections  can  be  accom- 
plished by  adding  a  graphitiser  composed  essentially  of  ferro-silicon 
and  graphite.  To  prevent  the  formation  of  soft  spots  composed  of 
eutectic  ferrite-graphite  an  addition  of  1%  of  a  chromium-man- 
ganese-silioon-zirconium  alloy  has  been  found  to  be  effdotive.  The 
production  of  a  high-duty  cast  iron  without  resorting  to  the  addition 
of  substantial  amounts  of  alloys  or  to  heat  treatment  is  not  difficult 
if  a  charee  low  in  silicon  and  low  in  total  carbon  is  melted  and 
deoxidised  in  the  ladle,  but  the  alloy  added  to  the  ladle  must  be 
balanced,  i.e.,  its  composition  must  be  such  that  it  has  the  correct 
degrees  of  fusibility  and  solubility.  Turning  to  steel  castinss, 
the  author  considers  the  influence  of  alloying  elements  on  we 
solubility  of  gases  in  steel.  He  also  presents  a  series  of  diagrams 
which  show  how  adding  increasing  quantities  of  deozidiaers  ^ects 
the  axe  and  distribution  of  the  inclusions.  In  conclusion  he 
sunmiarises  the  influence  of  additions  of  calcium  alloys,  manganese, 
zirconium,  vanadium,  silicon  and  aluminium  on  the  properties  of 
cast  steel. 

Harks  Progress  in  Heltiiig  Gray  Iron.  D.  J.  Beese.  (Foundry, 
1940,  vol.  68,  Nov.,  pp.  45,  98-102).  The  author  discusses  recent 
advancements  in  cupola  melting  practice  at  a  grey  iron  foundry, 
dealing  in  turn  with  the  duplex  process,  accuracy  in  weighing,  size 
of  coke,  charging  steel  turnings,  methods  of  analysis,  frequency 
of  tapping,  and  preheating  and  diying  the  blast. 

The  Ptoducnon  of  fiigh-Silioon  Acid-Besisting  Castings.  F. 
Marsden.  (Foundry  Trade  Journal,  1941,  vol.  64,  Jan.  23,  pp.  51, 
64).  The  author  states  that,  owing  to  their  friability,  high-Eolicon 
acid-resisting  cast  irons  have  to  be  cast  under  special  precautions,  and 
he  gives,  in  brief  paragraphs,  some  information  on  the  foUowing 
processes  which  have  to  be  adapted  specially  to  the  casting  of  the 
above  alloys,  viz.y  melting,  moulding,  core  making,  casting  operation, 
stripping  the  casting  after  teeming,  dressing  and  machining. 


PRODUCTION  OF  STEEL 


(Continued  firom  pp.  91  A-93  a) 

The  Present  and  Future  in  Open-Hearth  Steelmaking,    J.  O. 

Griggs.     (Blast  Furnace  and  Steel  Plant,   1940,  vol.  28,  Sept., 

Sp.  879-884 ;  Oct.,  pp.  981-986,  995).  The  author  discusses  recent 
evelopmentis  in  open-hearth  practice.  The  use  of  auxiliary  slag 
pockets  is  recommended  as  this  helps  to  keep  the  main  pocket  free 
of  slag — a  practice  which  has  three  outstanding  advantages.    First, 


FBODUOnON  OV  8TBBL.  123  A 

by  keeping  the  slag  &om  cominff  in  contact  with  the  silica  walls, 
the  slag-pocket  arches  are  not  subjected  to  the  cutting  effect  of  the 
slag.  Secondly,  the  average  rebuilding  time  can  be  reduced  by 
at  least  48  hr.,  because  the  slag  is  easily  removed  without  disturbing 
the  brick-work  in  the  main  pocket.  Thirdly,  rebuilding  costs  will 
be  lower  because  of  the  increased  life  of  the  main  pocket.  After 
comparing  the  merits  of  fixed  and  tilting  open-hearth  furnaces,  the 
author  points  out  that,  although  the  cost  of  constructing  the  former 
is  only  about  40%  of  that  of  the  latter,  the  latter  offer  many  advan- 
tages in  operation  and  are  more  flexible  in  the  sense  that  they  can 
easily  be  switched  over  firom  working  on  charges  high  in  scrap  to 
''  all  pig  "  charges.  The  author  gives  some  examples  of  simple 
methods  of  determining  the  correct  composition  of  a  charge  to  meet 
certain  requirements,  and  gives  a  table  showing  the  amount  of 
aluminium  per  ton  of  metal  which  should  be  added  in  the  ladle  to 
correct  under-deoxidised  steels  containing  different  percentages  of 
iron  oxide.  The  design  of  ingot  moulds,  furnace  ports,  doors  and 
auxilisury  equipment  is  also  discussed. 

Transformers  tot  Electric  Fumaoes.  (Engineering,  1940,  vol. 
150,  Dec.  27,  pp.  504r^5).  The  design  and  auxiliary  equipment 
of  modem  transformers  for  electric  steel  furnaces  and  heat-treatment 
furnaces  are  discussed  and  illustrated. 

C!orele88  Induction  Fnmaoe  Blelting  Losses.  (Iron  and  Coal 
Trades  Review,  1941,  vol.  142,  Jan.  10,  pp.  26-26 ;  Foundry  Trade 
Journal,  1941,  vol.  64,  Jan.  23,  pp.  59,  66).  An  abridged  English 
translation  is  presented  of  Weitzer's  paper  on  the  losses  due  to 
oxidation  of  the  elements  carbon,  manganese,  chromium,  nickel, 
cobalt,  tungsten,  molybdenum,  tantalum,  niobium,  zirconium  and 
titanium  in  the  manumcture  of  alloy  steels  in  acid  coreless  induction 
furnaces.  This  paper  appeared  in  Stahl  und  Eisen,  1939,  vol.  59, 
Dec.  21,  pp.  1353-1356.  (See  Joum.  I.  and  S.I.,  1940,  No.  I., 
p.  184  A). 

Study  of  the  Direct  Steel  Mannfactore  bom  Iron  Sand.  M. 
Sano.  (Tetsu  to  Hagane,  1940,  vol.  26,  Sept.  25,  pp.  685-688). 
(In  Japanese).  The  author  describes  a  direct  method  of  manu- 
facturing vanadium  steel  firom  a  low-phosphorus  vanadium-bearing 
iron  sand. 

On  Steel  Hade  from  Sponge  Iron  and  Loop.  I.  Taniyama. 
(Tetsu  to  Hagane,  1940,  vol.  26,  July  25,  pp.  511-520).  (In 
Japanese).  The  author  dLscusses  methods  of  producing  steel  firom 
sponge  iron  and  firom  iron  blooms  (loop),  and  the  reasons  for  the 
difference  in  the  quaUties  of  steel  produced  firom  these  raw  materials 
as  compared  witii  that  produced  firom  a  charge  containing  steel 
scrap. 
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FORGING,  STAMPING  AND  DRAWING 


(Continued  from  pp.  94  A-95  a) 

The  Haintenance  of  Hard  Metal  Drawing  Dies.  (Wire  Industry, 
1940,  vol.  7,  Dec,  pp.  529-530).  The  use  of  wet  and  dry  lubricants 
for  wire-drawing  and  the  cooUng  and  polishing  of  wire-drawing  dies 
are  discussed.  It  is  recommended  that  die-polishing  madiines 
which  can  be  set  to  produce  the  desired  contour  be  employed,  as  the 
most  skilful  polisher  cannot  accurately  produce  the  correct  shape  by 
hand. 

Reactive  Wire  Drawing.  H.  A.  Stringfellow.  (Wire  and  Wire 
Products,  1940,  vol.  16,  Oct.,  pp.  627^38,  635).  The  author 
develops  formulae  and  explains  methods  for  the  calculation  of  the 
work  done  in  reducing  wire  when  a  back  pull  is  applied  to  the  wire 
entering  the  die. 

Lime  for  Wire  Drawing.  D.  E.  Washburn.  (Wire  and  Wire 
Products,  1940,  vol.  16,  Oct.,  pp.  676-577).  The  author  discusses 
the  different  t3rpes  of  lime  used  as  a  lubricant  in  wire-drawing. 
He  shows  that  the  chemical  composition  of  a  lime  has  little  effect, 
except  for  the  magnesia  content,  on  the  type  of  coating  produced. 
In  theory,  magnesia  has  a  higher  neutralising  value  on  any  acid 
carried  over  from  the  pickling  bath  than  has  calcium  oxide,  and  the 
preference  for  lime  containing  no  dolomite  for  wire-drawing  is 
due  rather  to  its  physical  characteristics  than  to  its  chemical  com- 
position. 


ROLLING-MILL  PRACTICE 


(Continued  firom  pp.  96  A-96  a) 

Bakelised  Bearings  for  Boiling  Hills.  S.  Uchikawa.  (Tetsu  to 
Hagane,  1940,  vol.  26,  July  25,  pp.  626-636).  (In  Japanese).  The 
author  discusses  some  experience  gained  at  a  Japanese  steelworks 
in  the  use  of  roll-neck  bearings  of  a  synthetic  resin  material  known 
as  ''  Nittelite."  Great  advantages  are  claimed  for  this  material 
as  compared  with  bearings  of  babbit  metal  and  other  alloys.  The 
setting-up  and  the  lubrication  of  Nittelite  bearings  are  described. 

Controlling  the  Temper  of  Tinplate.  T.  B.  Montgomery.  (Blast 
Furnace  and  Steel  Plant,  1940,  vol.  28,  Oct.,  pp.  991-996).  The 
author  describes  the  electrical  system  of  control  for  regulating  the 
roU  pressures  and  tension  when  cold-rolling  steel  strip  in  order  to 
impart  to  it  the  necessary  temper  and  finish  for  tinplating. 

Ward-Leonard  Control  for  Strip  Mill  Auxiliary  Drives.  E.  S. 
Murrah  and  H.  W.  Poole.  (Iron  and  Steel  Engineer,  1940,  vol.  17, 
Dec,  pp.  36-46).    The  authors  discuss  the  advantages  and  limita- 
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tions  of  Ward-Leonard  control  for  motors  driving  roll  trains  and 
other  auxiliary  equipment  for  strip  mills,  and  consider  some  actual 
examples  of  such  installations. 


HEAT  TREATMENT 


(Continued  firom  pp.  96  A-99  a) 


Heat-Tieating  Troubles  and  Their  CoRection.  R.  B.  Seger. 
(Machinist,  1940,  vol.  84,  Dec.  21,  pp.  837-839).  The  author 
presents  a  table  in  which  are  enumerated  side  by  side  the  causes 
and  the  methods  of  correcting  the  more  common  defects  occurring 
during  heat  treatment.  The  defects  are  classified  as  follows : 
(1)  Cracking ;  (2)  warpage ;  (3)  soft  spots ;  (4)  change  in  size ; 
and  (5)  spaUing. 

Flaxne-Hardening.  R.  H.  Zeilman.  (Welding  Journal,  1940, 
vol.  19,  Oct.,  pp.  746-749).  The  author  describes  the  application 
of  flame-hardening  to  many  of  the  parts  used  in  the  construction  of 
mechanical  excavating  machinery,  particularly  to  pinions  and  dog- 
clutch  faces. 

Flame-Hardening  Cast  Iron  Bearing  Rings.  J.  L.  Foster. 
(Iron  Age,  1940,  vol.  146,  Dec.  19,  pp.  44-45).  The  author  describes 
the  equipment  developed  for  flame-hardening  the  faces  of  cast-iron 
thrust  rings  for  bearings  and  the  structure  of  the  metal  in  the 
hardened  area. 

Flame  and  Induction  Hardening.  (Automobile  Engineer,  1940, 
vol.  30,  Dec,  pp.  398-400).  Descriptions  are  given  of  the  latest 
developments  in  the  Shorter  process  of  flame-hardening  and  the 
Tocco  process  of  induction -haMening  {see  Joum.  I.  and  S.I.,  1940, 
No.  II.,  p.  148  A  and  this  voltmie,  p.  54  a).  Data  are  also  presented 
concerning  the  types  of  steel  to  which  these  treatments  ceaa  be 
applied. 

The  Ptodnction  Flame-Hardening  of  machine  Parts.  J.  £rler 
and  P.  H.  Tomlinson.  (Welding  Journal,  1940,  vol.  19,  Oct., 
pp.  705-709).  The  authors  discuss  some  of  the  advantages  to  be 
gained  by  flame-hardening  forged,  rolled  and  cast  steel  and  Meehanite 
castings,  and  point  out  certain  precautions  which  should  be  taken 
in  each  c€U9e.  The  following  ways  of  either  reducing  or  entirely 
eliminating  distortion  are  mentioned :  (1)  Keeping  the  part  cool  by 
submerging  the  greater  portion  of  it  in  water,  or  by  spraying  water 
on  certain  sections;  (2)  machining  the  part  in  such  a  way  that, 
after  hardening,  the  distortion  will  pull  it  into  the  desired  shape ; 
(3)  bending  the  part  in  the  opposite  direction  to  the  curve  of  dis- 
tortion ;  and  (4)  increasing  the  mass  in  the  sections  to  be  flame- 
hardened  so  as  to  give  greater  stiffness,  and,  after  hardening, 
removing  the  extra  material  firom  the  back  or  soft  side.    The  authors 
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found  that  the  best  ox)erators  for  flame-hardening  machines  wore 
young  men  who  had  worked  in  a  laboratory  doing  routine  analyaes 
for  a  few  years,  for  this  training  made  them  conscious  of  ohangefl 
which  might  occiu*  as  a  result  of  minute  variations  in  operation  or 
procediu*e. 

Recent  Heat-Treatment  Fiunaoe  Installations.  (Metallnrgia, 
1940,  vol.  23,  Dec,  pp.  57-63).  An  illustrated  review  is  given  of 
recent  heat-treatment  furnace  installations,  and  particular  considera- 
tion is  given  to  the  production  and  control  of  protective  atmospheres. 
Among  the  furnaces  and  installations  considered  are  a  contmuous 
sheet  normalising  furnace  fired  by  clean  gas  on  the  Welhnan- 
Chantraine  principle ;  a  bright-anneaUng  furnace  comprising  four 
hearths  and  one  gas-fired  furnace,  and  another  bright-annealinff 
furnace  for  wire  and  strip  in  coil  form ;  an  electrically  heated 
pit-type  furnace  for  aero-engine  parts;  an  installation  for  the 
heat  treatment  of  high-speed  steel  drills  and  reamers ;  an  installa* 
tion  for  the  continuous  scale-free  hardening  and  tempering  of  bolts ; 
a  vertical  furnace  for  the  general  hardening  of  automobile  parts ; 
and  a  duplex  nitriding  furnace. 

Electne  Furnaces.  (Automobile  Engineer,  1940,  vol.  30,  Deo., 
pp.  390-394).  Descriptions  and  numerous  illustrations  are  given  of 
some  modem  types  of  batch  and  continuous  electric  furnaces  for 
the  heat  treatment  of  automobile  parts  and  high-speed  steel  tools. 

Concentrator  of  Eddy  Currents  for  Zonal  Heating  of  Steel  ParliL 

G.  Babat  and  M.  Losinsky.  (Journal  of  Applied  Physics,  1940, 
vol.  11,  Dec,  pp.  816-823).  The  authors  have  developed  a  device 
called  a  concentrator  of  eddy  currents,  which  makes  it  possible  for 
the  magnetic  field  of  a  multi-turn  coil  to  be  transformed  and  directed 
so  that  the  magnetic  flux  is  concentrated  on  that  portion  of  a  steel 
part  which  is  to  be  heat-treated.  The  concentrator  consists  of  a 
massive  copper  bushing  with  a  slot.  Eddy  currents  flow  on  the 
surface  facing  the  multi-turn  coil  on  the  slot  sides,  and  close  them- 
selves on  the  crest  which  faces  the  piece  to  be  treated.  Since  this 
crest  is  considerably  less  in  height  than  the  surface  facing  the 
heater  coil,  the  density  of  the  eddy  currents  will  be  greatest  on  the 
crest,  and  the  magnetic  field  of  greatest  intensity  will  therefore 
be  in  the  interstice  between  the  crest  of  the  concentrator  and  the 
piece. 

Electric  Patenting,  Tempering  and  Annealing  of  Steel  Wire. 
J.  P.  Zur.  (Wire  and  Wire  Products,  1940,  vol.  16,  Oct.,  pp.  582- 
586).  After  discussing  some  disadvantages  of  the  conventional 
methods  of  patenting,  tempering  and  annealing  steel  wire  and  atrip, 
the  author  describes  a  new  technique  of  electric  direct-resistance 
continuous  heat  treatment  in  which  the  electric  current  is  applied 
directly  to  the  moving  strand  of  wire  or  strip  and  the  material  is 
brought  up  to  the  desired  temperature  by  virtue  of  its  own  electrical 
resistance.  The  advantages  claimed  for  this  method  are  :  (1)  The 
temperature  is  practically  uniform  throughout  the  cross-section  of  the 
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wire ;  (2)  the  temperatiire  can  be  easily  controlled  by  varying  the 
voltage;  (3)  the  material  attains  the  desired  temperature  in  a 
few  seconds ;  (4)  the  wire  or  strip  can  be  passed  through  the  apparatus 
at  much  higher  speeds  than  through  a  conventional  tyx)e  of  furnace ; 
and  (5)  the  heat  losses  are  exceedingly  small,  an  efficiency  of  over 
90%  being  claimed. 

Hardening  Small  Parts  Uniformly.  R.  Trautschold.  (Steel, 
1940,  vol.  107,  Dec.  23,  pp.  56-^59).  The  author  describes  the  equip- 
ment of  a  heat-treatment  shop  which  is  designed  for  the  hardening 
of  large  quantities  of  small  parts  such  as  the  components  of  roller 
chains.  The  principal  feature  of  this  equipment  conidsts  of  a 
number  of  gas-fired  rotating  retorts  into  which  the  parts  are  charged 
in  batches.  This  form  of  furnace  ensures  the  uniform  heating  of  all 
parts  and  has  proved  to  be  very  efficient,  as  there  are  no  massive 
boxes  or  trays  which,  in  other  nimaces,  absorb  a  large  proportion 
of  the  heat. 

Steel  Hardening.  J.  L.  Bums.  (Iron  Age,  1940,  vol.  146, 
Dec.  12,  pp.  55-60).  The  author  presents  a  series  of  curves  for 
predicting  the  hardenability  of  a  steel  bar  of  given  diameter  when 
its  composition  is  known.  In  these  curves  quantitative  relationships 
are  established  by  plotting  the  area  below  the  hardness-penetration 
curve  against  a  factor  calculated  from  the  chemical  composition. 
Three  groups  of  curves  are  given  for  fine-grained  steels,  one  each 
for  low-,  medium-  and  high-carbon  steels,  and  additional  curves  are 
reproduced  which  show  what  must  be  the  composition  of  an  alloy 
steel  bar  of  given  diameter  in  order  that  it  may  be  completely 
hardenable  throughout  its  section. 


WELDING  AND  CUTTING 


(Continued  from  pp.  99  A~102  a) 

Changes  in  the  Shape  of  Spherical  Spot-Welding  Electrodes. 
W.  F.  Hess  and  R.  A.  Wyant.  (Welding  Journal,  1940,  vol.  19, 
Oct.,  pp.  346-S-350-S).  The  authors  report  on  an  investigation 
of  the  ii^uence  of  the  shape  of  the  electrode,  the  mechanical  pressure, 
the  area  of  contact,  the  current  density  and  some  other  factors  on 
the  properties  of  spot  welds  in  steel  sheet  0*036  in.  thick.  The 
conclusions  reached  are  as  follows  :  (1)  Flat  areas  begin  to  form 
on  dome-shaped  copper  electrodes  as  soon  as  welding  is  commenced ; 
after  about  200  welds  the  diameters  of  these  flat  areas  increase 
slowly  with  the  number  of  welds  made,  and,  under  proper  con- 
ditions, it  is  probable  that  this  diameter  reaches  a  limit  at  which 
it  remains  constant.  (2)  It  is  advisable  to  degrease  the  sheets 
before  welding,  because  the  welding  of  oily  sheets  causes  a  black 
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deposit  to  form  on  the  electrodes  which  is  detrimental  to  the  quality 
of  the  weld.  (3)  Higher  mechanical  pressure  can  be  applied  to 
dome-shaped  tips  than  to  flat  tips  without  extruding  metal  between 
the  sheets.  (4)  When  molten  metal  is  extruded  from  welds  made 
with  dome-shaped  tips,  large  cavities  are  left  irrespective  of  the 
pressure  applied.  (5)  The  current  density  increases  much  more 
rapidly  with  increasing  mechanical  pressure  than  with  increasing 
diameter  of  weld.  (6)  The  mechanical  pressiure  has  a  more  im- 
portant influence  on  the  size  of  the  weld  than  any  other  factor. 

The  Arc  Torchr— A  Widely  Adaptable  Heat  Sonroe.  F.  W. 
Scott.  (Steel,  1940,  vol.  107,  Dec.  23,  pp.  42-46).  The  author 
describes  a  hand-operated  form  of  torch  for  arc  welding.  This  tool 
has  two  arms  which  carry  a  pair  of  carbon  electrodes,  the  tips  of 
which  are  maintained  sufficiently  close  together  for  a  continuous 
arc  to  be  maintained.  The  weld  metal  is  added  from  a  welding 
rod  as  in  oxy-acetylene  welding.  With  this  torch  there  is  no 
gas  pressure  behind  the  flame  to  force  the  molten  metal  away  from 
the  point  of  impact.  This  technique  is  recommended  for  welding 
cast  iron  and  non-ferrous  metals,  and  for  brazing,  but  not  for 
welding  steel. 

Ozy-Acetylene  Welding  of  Stainless  Steels.  L.  Sanderson. 
(Metallurgia,  1940,  vol.  23,  Dec,  pp.  55-56).  The  author  points 
out  that  the  growing  employment  of  stainless  steels  in  aircraft, 
and  particularly  in  the  modem  seaplane,  has  involved  a  considerable 
use  of  welding,  and  he  states  that  oxy-acetylene  welding  is  quite 
suitable  for  welding  these  steels.  It  is  emphasised,  however,  that 
the  welding  technique  must  be  adapted  to  the  special  properties 
of  these  steels,  and  information  is  given  regarding  the  most  favourable 
temperatures  of  welding,  the  oxygen /acetylene  ratio,  the  welding 
rods,  and  annealing  after  weldii^.  He  also  considers  briefly  the 
technique  to  be  employed  in  weldmg  stainless  steel  sheets  of  various 
thicknesses,  and  castings  of  different  design.  In  conclusion  he 
points  out  some  special  precautions  to  be  taken  in  the  welding  of 
12-16%  chromium,  17-19%  chromium  and  18/8  nickel-chromium 
steels. 

Methods  for  Reclaiming  Spindles,  Crabs  and  Ctoupling  Boxes. 
D.  B.  Rice.  (Blast  Furnace  and  Steel  Plant,  1940,  vol.  28,  Oct., 
pp.  979-980).  The  author  describes  the  welding  procedure  adopted 
at  an  American  rolling  mill  for  building  up  the  worn  surfaces  of 
wobblers  and  coupling  boxes.  When  the  worn  parts  consist  of 
0-45-0-55%  carbon  steel,  the  author  recommends  preheating  the 
part  to  400-500°  F.,  then  building  it  up  to  within  |  in.  of  the  re- 
quired contour  with  carbon-steel  electrodes  of  similar  analysis  and 
completing  the  last  ^-in.  layer  with  electrodes  containing  3-5-4% 
of  nickel,  14%  of  manganese  and  0'75-0-90%  of  carbon.  If  the 
material  to  be  repaired  is  a  12-14%  manganese  steel,  the  preheating 
temperature  should  not  exceed  300°  F.  and  the  whole  of  the  deposit 
should  be  made  with  nickel-manganese  steel  electrodes. 
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Resistance  Flash  WeUing  of  Strip  in  Steel  Hills.  J.  H.  Cooper. 
(Welding  Journal,  1940,  vol.  19,  Oct.,  pp.  721-729).  The  author 
describes  the  advantages  of  using  flash-butt  welding  machines 
for  welding  together  the  ends  of  the  coils  when  rolling  steel  strip. 
He  illustrates  a  number  of  these  machines  and  other  machines  for 
trimming  the  weld,  and,  in  conclusion,  disciisses  the  metallurgical 
characteristics  and  mechanical  properties  of  the  joints. 

Welding  and  Flame  Catting  Wrought  Iron.  H.  Lawrence. 
(Steel,  1940,  vol.  107,  Dec.  9,  pp.  84-87).  The  author  describes 
some  of  the  precautions  necessary  to  produce  sound  welds  in  wrought 
iron  by  the  oxy-acetylene  and  electric-arc  methods.  In  order  to 
work  the  silicates  out  of  the  iron  it  is  necessary  to  maintain  a 
quiescent  pool  of  liquid  weld  metal ;  this  can  be  done  by  welding 
at  a  slower  rate  than  with  steel,  thus  allowing  time  for  the  slag  to 
float  to  the  top.  For  heavy  sections  it  is  good  practice  to  anneal 
the  welds  and  this  can  be  done  at  700-800°  F.,  as  compared  with 
1100-1250°  F.  for  steel. 

Flame-Oooging  Welds.  H.  Lawrence.  (Steel,  1940,  vol.  107, 
Dec.  16,  pp.  64-66,  -88).  The  author  enumerates  the  advantages  of 
flame -gouging  for  the  removal  of  weld  metal  and  recommends  the 
process  as  a  substitute  for  chipping.  He  briefly  describes  the 
technique  of  flame-gouging  and  gives  some  practical  advice  to 
operators. 

Catting  Steel  with  Ozy-Propane.  W.  T.  Tiffin.  (Iron  Age,  1940, 
vol.  146,  Dec.  12,  pp.  61-64).  The  author  describes  tests  of  the 
cutting  speeds  and  gas  consumptions  in  the  cutting  of  steel  plate 
with  an  oxy-propane  torch.  He  presents  data  showing  the  results 
obtained  and  the  cost  per  foot  under  American  conditions  for  cutting 
plate  of  various  thicknesses  from  ^  in.  to  2|  in. 

MACHINING 


(Continued  from  p.  61  A) 

On  the  Study  of  Catting  Efficiency  and  the  Form  of  Catting  Edge 
of  High-Speed  Steel  Tools.  L  T.  Kikuta  and  S.  Koshiba.  (Nippon 
Kinzoku  Gakkai-Si,  1940,  vol.  4,  July,  pp.  203-209).  (In  Japanese). 
The  authors  carried  out  cutting  tests  with  three  kinds  of  tool  steel 
on  an  annealed  chromium  steel,  an  oil-quenched  and  tempered 
nickel-chromium  steel  and  on  an  austenitic  stainless  steel  in  order 
to  determine  how  various  factors  affected  the  cutting  efficiency. 
The  three  tool  steels  used  were  of  the  following  analyses  : 

Carbon.     % 
Chromium.     % 
Tungsten.     % 
Vanadium.     % 
Cobalt.     % 

1941— i 


(1). 

(2). 

(8). 

0-72 

0-76 

0-83 

4-23 

4-20 

4-22 

17-76 

19-47 

20-49 

0-94 

1-68 

2-24 

•  •  • 

6-70 

11-60 
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Their  conclusions  are  as  follows :  (1)  The  catting  efficiency  increases 
with  the  tool  size,  provided  that  each  size  is  properly  hardened ; 
(2)  changes  in  the  cutting  speed  have  almost  no  effect  on  the  force 
exerted  on  the  ec^e  of  the  tool ;  (3)  the  cutting  force  increases  directly 
with  increased  depth  of  cut ;  (4)  the  cutting  efficiency  decreases 
rapidly  with  increasing  width  of  cut ;  and  (5)  under  the  conditions 
of  this  investigation,  decreasing  the  feed  on  the  same  width  of  cut 
increases  the  cutting  efficiency. 

On  the  Study  of  Cutting  Efficiency  and  the  Form  of  Cutting 
Edge  of  High-Speed  Steel  Tools.  IL  T.  Kikuta  and  S.  Koshiba. 
(Nippon  Kinzoku  6akkai-Si,  1940,  vol.  4,  Aug.,  pp.  262-267). 
(In  Japanese).  The  authors  report  on  their  investi^tion  of  the 
effect  of  tool  contour  on  the  cutting  efficiency  of  two  types  of  high- 
speed steel  when  machining  an  annealed  chromium  steel,  a  quenched 
and  tempered  nickel-chromium  steel  and  an  austenitic  stainless 
steel.  The  tool  steels  tested  were  of  the  18/4/1  tungsten-chromium 
vanadium  and  5-6%  cobalt  types.  They  found  that  the  highest 
cutting  efficiency  was  attained  with  a  cutting  angle  of  60  for 
machining  the  chromium  steel,  70^  for  the  nickel-chromium  steel 
and  50^  for  the  stainless  steel. 

Carbides  for  Catting  SteeL  P.  M.  McKenna.  (Machinist, 
1941,  vol.  84,  Jan.  18,  pp.  917-919).  The  author  discusses  the  desiffn 
of  tools  tipped  with  a  double  carbide  of  titanium  and  tungsten  mr 
various  high-speed  machining  operations  on  steel.  He  deals  in 
particular  with  shapes  designed  to  break  up  turnings  into  short 
coils. 

Efficient  Control  and  Disposal  of  Swarf  and  Scrap  HetaL  T>.  F. 
Galloway.  (Journal  of  the  Institution  of  Production  Engineers, 
1940,  vol.  19,  Dec,  pp.  476--615).  The  author  describes  methods 
and  equipment  for  the  economic  control,  disposal  and  recovery  of 
scrap  metal  in  the  form  of  swarf  accruing  from  various  machining 
operations.  Chip  control,  de-swarfing  of  machines,  recovery  of 
cutting  oil,  and  the  breaking,  sorting,  sintering,  baling  and  magnetic 
handling  of  swarf  are  among  the  processes  mentioned.  Special 
attention  is  given  to  the  efficient  recovery  of  aluminium  scrap. 


PROPERTIES  AND  TESTS 


(Continued  from  pp.  102  A-112  a) 

Studies  on  the  Cold-Drawn  Steel  Bars  (Report  1)  :  An  X-Baj 
Study  of  Besidnal  Strains  in  Cold-Drawn  Steel  Ban.  K.  Takase 
and  T.  Watari.  (Tetsu  to  Hagane,  1940,  vol.  26,  Oct.  26,  pp.  737- 
744).  (In  Japanese).  The  authors  report  on  an  X-ray  investiga- 
tion, by  the  back-reflection  method,  of  the  causes  of  the  changes 
in  the  mechanical  properties  of  cold-drawn  steel  bars  brought  about 
by  the  drawing  process. 
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Cost  and  Fzooedme  Control  by  Use  of  Polarized  Light.    E.  W.  P. 

Smith.  (Welding  Journal,  1940,  vol.  19,  Oct.,  pp.  733-737).  The 
author  explains  the  fundamental  principles  of  polarised  light  and  its 
application  for  studying  stress  distribution.  He  shows  how,  by  the 
study  of  models  of  welded  joints  in  polarised  light,  the  parts  where 
no  stresses  exist  are  revealed  to  the  designer,  who  can  thus  effect 
important  economies  in  welding  by  specifying  the  correct  thicknesses 
of  the  weld  metal  to  be  deposited. 

On  Crack  Formation  in  Steam  Boiler  HateriaL  G.  W&Ugren. 
(Teknisk  Tidskrifb,  1940,  vol.  70,  Oct.  19,  Mekanik,  pp.  109-113). 
(In  Swedish).  The  author  discusses  the  causes  of  the  formation 
of  cracks  in  boiler  steel  with  particular  reference  to  the  investigation 
of  the  failure  of  the  shell  plate  of  the  upper  dome  of  a  marine  boiler. 
The  author  differentiates  between  fatigue  cracks  without  corrosion, 
intercr3r8talline  cracks  caused  by  caustic  embrittlement,  and  corrosion- 
fatigue  cracks.  Specimens  of  the  boiler  plate  taken  from  positions 
close  to,  and  away  from,  the  cracks  and  etched  by  Fry's  method 
revealed  slip  lines  at  angles  of  about  45^  to  the  surface  of  the  plate. 
The  cracks,  which  were  examined  under  high  magnification,  were, 
however,  found  to  be  at  an  angle  of  about  90"^  to  the  surface. 
The  cracks  passed  partly  along  grain  boundaries  and  partly  through 
the  grains.  In  discussing  whether  stress  is  the  primary  cause  of 
crack  formation  in  boiler  plate,  the  author  states  that  this  is  the  case 
only  when  the  slip  lines  are  so  marked  as  to  have  been  caused  by 
stresses  up  to  the  elastic  limit  of  the  steel.  He  is  of  the  opinion  that 
corrosion-fatigue  cracks  can  also  form  and  grow  in  regions  where 
there  are  no  sup  lines  but  where  there  are  high  stresses  less  than  the 
elastic  limit.  A  steel  can  be  cold-worked  without  any  slip  lines 
appearing  and  such  a  region  is  very  sensitive  to  corrosion.  Another 
point  which  supports  the  theory  that  slip  lines  are  not  the  primanr 
cause  of  corrosion  cracks  is  the  fact  that  those  parts  of  a  boiler  which 
are  cold-worked  during  erection  to  the  extent  that  slip  lines  occur, 
but  which  are  not  heavily  stressed  when  the  boiler  is  at  pressure, 
have  no  tendency  to  the  formation  of  corrosion  cracks.  The  author's 
general  conclusion  is  that  stresses  play  the  most  important  part  in  the 
formation  of  corrosion  cracks  in  boiler  steel  so  that  their  prevention 
is  a  question  of  design. 

Fatigue  Tests  of  Stmctural  Steel  Flats  and  Bars  Cat  bom  Butt- 
Welded  Boiler  Plate.  F.  C.  Lea  and  J.  6.  Whitman.  (Proceedings 
of  the  Institution  of  Mechanical  Engineers,  1941,  vol.  144,  Jan., 
pp.  132-139).  The  authors  describe  an  investigation  of  the 
fatigue  strength  of  butt-welded  flats  and  bars  cut  from  steel 
boiler  plate,  the  objects  of  which  were  :  (a)  To  discover  whether 
the  resistance  of  the  welded  plates  to  repeated  stresses  depends  on 
the  size  of  the  plate,  or,  in  other  words,  to  see  if  there  is  any  ''  scale 
effect '' ;  and  (b)  to  compare  the  results  obtained  from  welded  plates 
with  those  from  plates  with  holes  drilled  in  them.  The  results 
demonstrated  that  for  specimens  from  1  in.  to  3  in.  in  thickness 
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prepared  in  three  different  works  no  scale  effect  was  indicated. 
The  tests  made  on  drilled  plates  confirmed  the  results  of  earlier  work 
and  showed  that  drilling  a  hole  in  a  plate  reduces  the  fatigue-range 
load  very  considerably.  It  was  also  found  from  tests  on  thi^ 
welded  plate  that,  with  properly  controlled  welding,  fatigue  ranges 
for  the  welds  as  high  as  those  iot  the  black  plate  can  be  obtained. 
From  these  results  the  authors  conclude  that  there  seems  to  be  no 
reason,  from  the  point  of  view  of  fatigue,  why  the  working  stresses 
in  the  welds  of  welded  pressure  vessels  shomd  not  be  as  high  as 
those  at  present  used  in  riveted  vessels,  as  well-made  welded  joints 
may  be  assumed  to  have  an  efficiency  of  100%. 

Shot-Blasting  and  Its  Effect  on  Fatigoe  Idle.  F.  P.  Zimmerli. 
(American  Society  for  Metals,  Oct.,  1940,  Preprint  No.  51).  The 
author  discusses  a  method  of  surface  finishing  called  shot- 
blasting.  This  is  a  further  development  of  cloud-burst  hardening 
and  consists  of  propelling  small  steel  balls  against  the  surface  of  the 
object  to  be  treated.  This  is  commercially  accomplished  by  two 
types  of  machines.  In  the  older  of  these  air  is  used  as  the  propelling 
agent,  as  in  the  common  sand-blast  equipment ;  in  the  more  recent 
type  of  machine  the  shot  is  thrown,  by  centrifugal  force,  from  a 
rapidly  rotating  wheel  having  radial  bJueuies.  The  author  reports 
on  fatigue  teste  carried  out  on  small  springs  which  had  been 
subjected  to  shot-blasting  and  describes  at  some  length  the 
fatigue-testing  machine  (Signed  for  this  purpose.  Data  ob- 
tained for  springs  of  a  variety  of  compositions,  in  peurticular  for 
valve  spring  wire,  indicated  increases  in  fatigue  values  exceed- 
ing 40%  for  specimens  subjected  to  shot-blasting.  The  bene- 
ficial effects  of  shot-blasting  are,  however,  eliminated  by  excessive 
heating. 

Wear-Resistant  Coatings  of  Diesel  Cylinder  Liners.  J.  E. 
Jackson.  (S.A.E.  Journal,  1941,  vol.  48,  Jan.,  pp.  28-32).  The 
author  points  out  that  newly  assembled  Diesel  engines  require 
running-in  before  being  placed  into  service,  and  that  the 
problem  of  "  scuffing  "  during  the  run-in  may  be  largely  overcome 
by  treating  the  honed  liners  before  assembly  with  a  concentrated 
aqueous  solution  of  sodium  hydroxide  in  the  presence  of  a  small 
amount  of  sulphur.  This  treatment,  called  by  the  author  a  "  con- 
torolled  pitting  process,"  ensures  running-in  without  scoring  or 
8eiziu*e  owing  to  (1)  the  removal  of  undesirable  components  m>m 
the  surface,  (2)  the  deposition  of  certain  reaction  products  on  the 
surface,  and  (3)  some  change  in  the  surface  structure.  The 
coating  deposited  consists  of  ferrous  oxide  and  sulphide  tightly 
adhering  to  the  unetched  underlying  iron.  It  causes  the  surfaoe 
to  become  matt,  so  that  the  spreading  of  lubricating  oil  is  facilitated 
and  some  of  it  can  be  retained  in  the  porous  inner  structure  of  the 
coating.  Several  micrographs  of  the  coating,  before  and  after  run- 
ing  in,  are  reproduced,  and  also  some  showing  the  honed  and  run-in 
surfaces  of  the  untreated  liner. 
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On  the  Magnetic  Hysteresis  Loop  by  Alternating  Current.    Y. 

Ishihara.  (Nippon  Eanzoku  6akkai-Si,  1940,  vol.  4,  Aug.,  pp.  228- 
239).  (In  Japanese).  The  author  describes  his  investigation  of  the 
hysteresis  of  annealed  and  water-quenched  steels  of  different 
carbon  content,  using  an  apparatus  of  his  own  design. 

The  Adiabatic  Timperatore  Changes  Accompanying  the  Mag- 
netization of  Ferromagnetic  Matoials  in  Low  and  Moderate  Fields. 

L.  F.  Bates  and  J.  C.  Weston.  (Proceedings  of  the  Physical  Society, 
1941,  vol.  63,  Jan.,  pp.  6-34).  The  authors  have  developed  a  new 
and  relatively  simple  method  for  the  measurement  of  the  heat 
changes  which  accompany  magnetisation  processes  in  fields  of  the 
order  of  a  few  hundred  oersteds.  They  measiure  the  adiabatic 
changes  in  the  temperature  of  a  rod  which  occur  when  it  is  taken 
step-by-step  through  a  hysteresis  cycle.  The  temperature-measur- 
ing system,  i.e.,  a  series  of  thermocouples  the  '*  hot "  junctions 
of  which  are  directly  attached  to  the  rod,  is  capable  of  detecting 
changes  in  temperature  of  the  order  of  10-***  C.  Experiments  are 
described  which  were  made  with  pure  annealed  and  hard-drawn 
nickel  and  with  three  nickel-iron  alloys,  strained  and  unstrained, 
containing  49%,  42%  and  36%  of  nickel,  respectively.  The  ob- 
served temperature  changes,  plotted  as  fuinctions  of  the  intensity 
of  magnetisation  and  of  the  applied  field,  are  represented  in 
numerous  graphs.  The  results,  which  provide  a  very  effective  proof 
of  Warburg's  law,  are  said  to  make  possible  a  detailed  analysis  of  the 
energy  changes  accompanying  magnetisation.  They  indicate  that 
Becker's  views  on  the  magnetisation  processes  in  ordinary  ferro- 
magnetic materials  are  essentially  correct,  but  they  do  not  support 
Preisach's  conception  of  the  formation  of  demagnetisation  nuclei  in 
the  case  of  extremely  soft  ferromagnetic  materials. 

Properties  of  Steels  as  a  Basis  for  Design  for  High  Tempera- 
tore  Service.  Part  L  Carbon  Steels.  H.  J.  Tapsell  and  A.  E. 
Johnson.  (Proceedings  of  the  Institution  of  Mechanical  Engineers, 
1941,  vol.  144,  Jan.,  pp.  97-106).  The  authors  discuss  the  in- 
fiuence  of  stress,  temperature  and  time  on  the  behaviour  of  0-16- 
0*60%  carbon  steels.  The  data  presented,  which  provide  a  basis 
for  design  purposes,  are  derived  from  investigations  carried  out  at  the 
National  Physical  Laboratory,  and  consist  of  the  results  of  tensile 
and  creep  tests  at  temperatiu*es  up  to  1000^  F.  In  a  final  summary 
of  the  creep  stresses  of  carbon  steels  in  relation  to  design  stresses, 
the  authors  consider  that  aU  good  quality  carbon  steels  in  the  range 
0*16-0-6%  carbon,  in  the  hot-rolled  or  normalised  conditions,  may, 
for  practical  purposes,  be  considered  to  have  similar  creep  properties 
between  400*^  and  610°  C,  but  that,  in  view  of  their  different  hot- 
tensile  properties,  account  should  be  taken  of  the  limits  of  pro- 
portionality up  to  426°  or  466°  C.  If  a  steel  is  in  a  highly  spheroidised 
state  it  is  considerably  weaker  than  when  normalised  or  air- 
cooled  after  hot-rolling,  and  the  use  of  such  a  steel  should  be  avoided. 
Slight  cold- work  is  not  likely  to  alter  the  properties  of  a  steel  suf  • 
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ficiently  to  put  it  outside  the  range  of  steels  of  average  quality, 
but  heavy  cold-work  would  render  the  steel  subject  to  more 
rapid  spheroidisation  during  service,  especially  in  the  higher  working 
temperature  range. 

Alloys  for  Oonosive  Services.  (Chemical  Age,  1941,  vol.  44, 
Jan.  4,  pp.  11-12).  Some  information  is  given  respecting  the 
properties  of  an  austonitic  cast  iron  known  as  "  Audcoloy  "  whioh 
contains  nickel,  copper  and  silicon.  This  alloy  has  excellent  cor- 
rosion resistance  and  is  recommended  for  certain  machinery  parts 
in  contact  with  sulphuric  acid,  hot  or  cold  caustic  soda  and  fatty 
acids. 

Modem  Steels  to  Combat  High  Temperatmee.  C.  L.  CSaric. 
(Mining  and  Metallurgy,  1940,  vol.  21,  Nov.,  pp.  521-523).  The 
author  explains  the  function  of  alloying  elements,  separately  and  in 
combination,  in  heat-resisting  steels.  He  discusses  in  peurtioular  the 
low-aUoy  steels  containing  chromium,  molybdenum  and  silicon 
and  their  application  in  high-temperature  boiler  plant  and  oil 
refineries. 

Development  of  Low-Alloyed  High-Speed  Steels.  D.  W.  BudorfiF. 
(Metallurgia,  1940,  vol.  23,  Dec.,  pp.  43-46).  BasLng  his  information 
on  a  report  by  H.  A.  Minkevitch  and  O.  S.  Ivanov  (Metallnrg, 
1940,  No.  1,  pp.  31-46),  the  author  reviews  recent  developments  in 
high-speed  steels  in  Russia,  where  the  aim  of  the  research  has  been 
not  only  to  improve  the  service  life  of  the  tools,  but,  mainly,  to 
modify  their  compositions  so  as  to  enable  greater  use  to  be  made 
of  the  alloying  elements  readily  available.  In  this  way  a  number 
of  high-speed  steels  have  been  developed  by  alloying  high-chromium 
steels  with  relatively  small  amounts  of  tungsten,  molybdenum  and 
vanadium.  The  physical  and  mechanical  properties  of  these  steels, 
in  dependence  on  their  composition,  are  dealt  with  at  some  length. 

Some  Developments  in  Alloy  Steel  Ptoduction.  J.  H.  G. 
Monypenny.  (MetaDurgia,  1940,  vol.  23,  Dec,  pp.  37-39).  The 
author  considers  the  factors  which  have  contributed  to  the  devehm- 
ment  of  the  alloy-steel  industry,  referring,  in  particular,  to  the 
production  of  alloy  steels  which  combine  high  strength  with  tou^- 
ness  and  are  relatively  free  from  non-metallic  inclusions,  ay 
a  comparison  of  some  specifications  issued  during  the  war  period 
1914-18  with  more  recent  ones,  he  demonstrates  the  progress  made 
in  meeting  the  more  exacting  demands  on  alloy  steel.  He  also 
directs  attention  te  the  striking  development  in  the  conmiercial 
use  of  stainless  and  heat-resisting  steels,  which  he  considers  is  due 
partly  to  their  improved  machinability.  In  conclusion  he  suggests 
a  wider  application  of  ''lower  "-chromium/"' higher  "-nickel  steels, 
which  would  result  in  less  low-carbon  ferro-chromium  being  re- 
quired in  their  production — a  saving  particularly  desirable  in  war 
time. 

Developments  in  Tool  Steels.  J.  P.  Gill.  (Canadian  Metals 
and   Metallurgical  Industries,   1940,   vol.   3,   Oct.,  pp.   252-256; 


MBTALLOOBAFHY  AND  CONSTTrUTION.  135  A 

Nov.,  pp.  285-289).  The  author  reviews  the  progress  made  in 
the  last  twenty  years  in  the  production  and  heat  treatment  of  tool 
steels  and  discusses  the  properties  and  applications  of  many  of  the 
types  of  steel  which  are  now  available.  Particular  reference  is 
made  to  a  graphitic  steel  developed  by  Timken;  this  contains 
graphitic  carbon  0-65-0-70%,  combined  carbon  0-8(M)-85%, 
manganese  0'40%  and  siUcon  0'80-0-90%.  When  the  material 
is  hardened  the  graphitic  carbon  remains  in  the  graphitic  state,  so 
that  the  steel  has  something  of  the  appearance  of  cast  iron  and  is  in 
some  degree  self-lubricating. 

Study  of  Case-Hardening  Steels  Without  NickeL  S.  Ishida  and 
S.  Higashimiu*a.  (Tetsu  to  Hagane,  1940,  vol.  26,  July  25,  pp.  521- 
525).  (In  Japanese).  The  authors  compare  the  properties  of  case- 
hardening  nickel-chromium  steels  with  those  of  chromium-manganese 
and  chromium-manganese-molybdenum  steels.  They  find  that  the 
mechanical  properties  of  the  last  two  alloy  steels  are  equal,  or  even 
superior  to  those  of  the  nickel-chromium  steels,  and,  as  nickel  has 
to  be  imported  by  Japan,  they  recommend  the  increased  application 
of  the  former  alloys  for  certain  purposes. 

Influence  of  Chemical  Composition  on  the  Hot- Working  Properties 
and  Sorbuie  Characteristics  of  Killed  Steels.  6.  Soler.  (American 
Institute  of  Mining  and  Metallurgical  Engineers,  Technical  Publica- 
tion No.  1262  :  Metals  Technology,  1940,  vol.  7,  Dec).  The  author 
discusses  the  relation  between  the  chemical  composition  of  kiUed 
steels  and  (a)  the  structure  of  the  steel  as  cast,  and  (6)  the  hot- 
working  properties  and  surface  characteristics  of  the  steel.  He 
gives  examples  of  the  effects  of  changes  in  the  composition  bv 
reference  to  illustrations  of  internal  and  external  defects  in  solia- 
drawn  tubes  and  ingots  of  a  number  of  alloy  steels. 
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The  Scientific  Method  in  Metallurgy.  S.  L.  Hoyt.  (Fifteenth 
Edward  De  MiUe  CampbeU  Memorial  Lecture  :  Transactions  of  the 
American  Society  for  Metals,  1940,  vol.  28,  Dec,  pp.  767-796). 
The  author  reviews  the  succession  of  theories  respecting  the  behaviour 
of  elements  and  metals  since  the  time  of  Aristotle,  touching  on 
the  work  of  Galileo,  Black,  Guldberg  and  Waage,  Nemst,  Le 
Chatelier,  Gibbs,  Boozeboom,  Boberts-Austen,  Beilby  and  Bosen- 
hain,  Hume-Bothery,  and  Bragg.  In  tracing  the  advancement 
of  knowledge  of  the  properties  and  structure  of  metals,  the  author 
shows  how  theories  carefully  deduced  from  the  results  of  scientific 
experiments  have  contributed  far  more  to  this  advancement  in  the 
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last  fifty  years  than  did  reasoning  and  assumption  without  experi- 
ment in  the  1500  years  after  Aristotle. 

The  Polishing  of  Cast-iron  Micro^lpecimens  and  the  Metall^^ 
of  Oraphite  Flakes.  H.  Morrogh.  (Iron  and  Steel  Institute,  1941, 
this  Journal,  Section  I.).  A  polishing  technique  has  been  developed 
for  grey  cast  irons,  whereby  the  graphite  flakes  can  be  obtained 
perfectly  preserved  and  smoothly  polished.  The  polishing  medium 
used  is  either  Diamantine  or  magnesium  oxide.  The  method  owes 
its  success  to  the  correct  application  of  a  repeated  polishing  and 
etching  operation. 

With  specimens  prepared  in  this  manner,  it  is  possible  to  examine 
the  internal  structure  of  the  graphite  flakes  and  temper-carbon 
nodules.  Secondary  graphite  is  shown  to  be  deposited  either  on 
the  existing  eutectic  graphite  flakes  or  in  a  Widmanstatten  pattern. 
Graphite  flakes  show  complicated  internal  structures,  which  are 
illustrated  micrographically  using  polarised  light.  **  Inclusions  " 
are  also  shown  intimately  associated  with  graphite  flakes. 

Electrolytie  Polishing  of  Metals.  (Metal  Progress,  1940,  vol.  38, 
Oct.,  p.  554).  A  table,  compiled  by  6.  E.  Pellissier,  H.  Markus  and 
R.  F.  Mehl,  is  reproduced  which  gives  information  on  approved 
conditions  regarding  selection  of  solution,  current  density,  voltage, 
temperature  and  time  for  the  electrolytic  polishing  of  all  types  of 
carbon  steels,  3%  silicon  steel,  austenitic  steels,  Annco  iron,  white 
cast  iron,  silicon  iron  and  numerous  non-ferrous  metals  and  alloys. 
A  hst  of  references  to  the  literature  is  added. 

Badiograplis  in  the  Modem  Manner.  R.  C.  Woods.  (Iron  Age, 
1940,  vol.  146,  Dec.  5,  pp.  35-39).  The  author  explains  the  purpose 
of  a  layer  of  fluorescent  calcium -tungstate  crystals  in  conjunction 
with  photographic  emulsion  for  X-ray  films  and  discusses  the  efforts 
which  have  been  made  to  prevent  the  scatter  of  rays  and  the  con- 
sequent lack  of  definition  in  the  radiograph.  He  describes  a  recently 
developed  technique,  using  lead  foil  screens  0*005  in.  thick,  in 
which  the  casette  is  loaded  with  a  lead  screen  between  the  object 
and  the  film  and  a  second  lead  screen  to  back  up  the  calcium-tungstate 
screen  behind  the  film.  Some  radiographs  of  castings  taken  with 
and  without  lead  screens  are  reproduced. 

Sub-Boundary  Structures  of  Recrystallized  Iron.  N.  P.  Goss. 
(American  Institute  of  Mining  and  Metallurgical  Engineers,  Technical 
Pubhcation  No.  1236  :  Metals  Technology,  1940,  vol.  7,  Dec). 
The  author  reports  on  an  X-ray  investigation  of  the  efifects  of  cold- 
reduction  on  the  structure  of  strip  hot-rolled  from  ingot  iron  con- 
taining carbon  0-04%,  manganese  0-017%,  phosphorus  0-006% 
and  sulphur  0-020%.  The  hot-rolled  strip,  0076  in.  thick,  was  cold- 
rolled  down  to  various  thicknesses  in  the  range  0*004-0-022  in., 
annealed  and  strained  by  further  slight  cold-reduction.  Specimens 
were  heat-treated  at  temperatures  above  and  below  the  A,  point. 
X-ray  Laue  diagrams  of  the  specimens  were  then  taken.  Very 
little  distortion  was  observed  in  the  Laue  diagrams  of  the  strip 
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heat-treated  at  below  the  A3  point,  the  Laue  spots  being  sharply 
defined,  but  the  Laue  spots  of  the  strip  annealed  at  above  the  A, 
point  exhibited  asterism  and  were  diffused,  showing  that  the  grains 
were  distorted.  The  mechanism  of  the  distortion  was  also  examined 
by  obtaining  Laue  diagrams  of  a  large  single  crystal  of  a-iron, 
about  O'OIO  in.  thick,  before  and  after  a  reduction  of  less  than  1% 
by  cold-rolling.  The  diagrams  revealed  that  lattice  blocks  were 
displaced  relative  to  each  other  by  rotation,  the  displaced  blocks 
being  fairly  large  and  the  degree  of  rotation  surprisingly  large. 
From  this  the  author  deduces  that  deformation  does  not  proceed 
by  a  uniform  displacement  upon  all  possible  slip  planes,  but  that 
large  rotational  displacements  take  place  between  very  large  lattice 
fragments  of  the  order  of  1(H  cm.  This  evidence  is  believed  to 
support  the  theory  of  the  existence  of  a  sub-boundary  structure 
within  the  grain,  and  to  give  additional  proof  that  plastic  deformation 
is  not  homogeneous. 

Application  of  X-Bays  to  the  Study  of  Alloys.  H.  Lipson. 
(Nature,  1940,  vol.  146,  Dec,  21  pp.  79^-801).  The  author  reviews 
recent  knowledge  concerning  alloy  systems  which  has  been  revealed 
by  X-ray  investigations.  It  had  been  known  for  some  time  that  it 
was  difficult  to  produce  equilibrium  in  certain  iron-rich  alloys, 
many  of  the  physical  properties  showing  hysteresis  in  their  variation 
with  temperature.  With  normal  heat  treatments,  X-ray  photo- 
graphs showed  lines  that  were  very  blurred,  but  it  was  found  that 
by  heat  treatment  at  low  temperatures  for  lengthy  periods  much 
sharper  lines  were  obtained.  This  gave  a  valuable  indication  of  the 
approach  to  equilibrium,  and  two  diagrams  based  solely  on  X-ray 
data  have  recently  been  published.  Although  in  their  equilibrium 
state  certain  alloys  (e.g.,  iron-nickel  alloys)  contain  both  body- 
centred  and  face-centred  cubic  phases,  they  can  be  maintained  as 
single-phase  alloys  with  a  face-centred  structure  by  quenching 
from  high  temperatures.  If  such  a  single-phase  alloy  is  placed  in 
liquid  air,  its  structure  changes  over  completely  to  the  body-centred 
cubic  form.  This  does  not  happen  if  the  alloy  is  in  the  duplex 
state.  The  explanation  of  the  fact  that  alloys  which  are  so  re- 
luctant to  change  their  structures  at  temperatures  as  high  as 
400°  C.  should  be  able  to  change  so  completely  at  —  200°  C,  lies 
in  the  difference  between  transformations  which  require  migration 
of  atoms  and  those  which  do  not. 

The  deduction  of  the  crystal  structure  of  an  alloy  from  its  com- 
position has  been  carried  out  by  applying  the  Hume-Bothery  rule, 
which  points  out  that  there  is  a  general  connection  between  crystal 
structure  and  concentration  of  valency  electrons.  By  **  valency 
electrons  "  is  meant  those  electrons  in  the  outer  shell  of  an  atom 
which  are  not  firmly  bound  to  the  nucleus ;  it  is  these  electrons 
which  give  to  the  atoms  their  peculiar  metallic  properties.  The 
transition  elements,  such  as  iron,  which  have  incomplete  inner  shells, 
may  take  extra  electrons  into  those  shells  and  thus  cancel  out  the 
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efifect  of  their  own  valency  electrons.  ThoB,  over  large  ranges 
of  composition,  these  elements  behave  as  though  they  were  univalent. 

Neutron  Study  of  Order  in  Iron-Nickel  Alloys.  F.  G.  Nix,  H.  G. 
Beyer  and  J.  R.  Dunning.  (Physical  Review,  1940,  vol.  58,  Dec. 
15,  pp.  1031-1034).  The  authors  studied  the  order  in  iron-nickel 
alloys  with  the  help  of  neutron  transmission  measurements,  the 
neutron  transmission  being  the  greater  the  higher  the  state  of  order. 
They  found  that  the  difference  in  neutron  transmission  between 
fully  annealed  and  quenched  allo3rs  plotted  against  the  nickel 
content  displays  a  broad  peak  at  about  NiJPe  and  falls  to  infinitely 
small  values  near  35%  (atomic)  of  nickel  and  for  pure  niokeL  The 
substitution  of  2-3%  (atomic)  of  molybdenum  or  4*1%  (atomic) 
of  chromium  for  iron  in  the  annealed  alloys  containing  78%  (atomic) 
of  nickel  caused  a  decrease  of  15-6%  and  21*2%  respeictively,  in 
the  neutron  transmission.  The  disorder  produced  by  the  cold- 
working  of  an  annealed  binary  alloy  containing  75%  (atomic) 
of  nickel  was  indicated  by  a  decrease  in  neutron  transmission  of 
20-6%.  In  conclusion  the  authors  discuss  the  value  of  neutron 
transmission  measurements  in  the  study  of  order-disorder  phenomena 
in  allo3rs. 

The  Equilibrimn  Diagram  of  the  Iron  and  Silioon  System.  A. 
Osawa  and  T.  Murata.  (Nippon  Eanzoku  Gakkai-Si,  1940,  vol.  4» 
Aug.,  pp.  228-239).  (In  Japanese).  The  authors  report  on  their 
investigation  by  dilatometric,  thermal,  magnetic  and  X-ray  methods 
of  the  iron-silicon  system  up  to  65%  of  silicon. 
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(Continued  from  pp.  116  a-117  a) 

Measurement  of  Electrode  Potentials  and  Polarization  in  Soil- 
Crorrosion  Cells.  R.  B.  Damielle.  (Journal  of  Research  of  the 
National  Bureau  of  Standards,  1940,  vol.  25,  Oct.,  pp.  421-433). 
The  author  discusses  means  of  measuring  the  potentials  at  the 
electrodes  in  soil-corrosion  cells  and  describes  the  Hickling  method 
in  detail.  Methods  involving  the  interruption  of  the  current 
passing  through  the  cell  are  only  satisfactory  when  the  period  of 
interruption  is  sufficiently  short  to  prevent  error  due  to  depolariaa- 
tion.  The  Hickling  method  for  measuring  the  potential  of  polarised 
electrodes  utilises  an  electronic  interrupter  and  an  electronic  poten- 
tiometer, by  means  of  which  potentials  can  be  measured  a  very 
short  time  after  the  current  has  been  interrupted.  The  author  found 
this  method  to  be  accurate  within  about  0*01  V.  in  the  conditions 
under  which  he  carried  out  his  tests. 

Caustic  Embrittlement  in  Steam  Boiler  material.  F.  Odqvist. 
(Teknisk  Tidskrift,  1940,  vol.  70,  Oct.  19,  Mekanik,  pp.  103-109). 
(In  Swedish).     After  a  brief  review  of  the  literature  on  the  causes 
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of  caustic  embrittlement,  the  author  describes  his  investigation 
of  the  causes  of  the  repeated  failure  of  some  of  the  rivets  in  the 
drum  of  a  water-tube  boiler  at  a  Swedish  works.  The  boiler  had 
a  heating  surface  of  335  sq.  m.  and  operated  at  a  maximum  pressure 
of  275  lb.  per  sq.  in.,  but  the  conditions  were  such  that  the  pressure 
fell  firom  276  to  180  lb.  per  sq.  in.  three  times  every  hour.  He 
examined  several  of  the  rivets  under  the  microscope  and  tested 
their  mechanical  properties.  From  the  results  obtained  he  came  to 
the  following  conclusions  :  (1)  Most  of  the  cracks  originated  from 
cavities  in  the  neck,  but  in  a  few  cases  there  were  cracks  in  the 
shank ;  (2)  the  propagation  of  the  cracks  was  independent  of  the  type 
of  microstructure  of  the  rivets ;  (3)  tensile  and  hardness  tests  proved 
that  the  mechanical  properties  of  the  steel  between  two  cracks 
had  not  deteriorated  in  any  way ;  (4)  some  chemical  action  in  the 
nature  of  an  alkali  attack  on  the  rivets  had  taken  place ;  (5)  the 
structure  of  the  steel  at  the  cracks  was  of  intercrystalline  character 
in  those  parts  of  the  rivets  where  individual  grains  could  be  observed ; 
and  (6)  the  high  humus  content  of  the  feed-water  may  have  been  a 
contributory  cause  of  the  failure  of  the  rivets. 
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(Continued  firom  pp.  78  a-79  a) 

ImiHTovements  in  the  Accoracy  of  the  Vacanm-Fosion  Method 
for  the  Determination  of  Oxygen  in  SteeL  S.  Marshall  and  J. 
Chipman.  (Transactions  of  the  American  Institute  of  Mining  and 
Metallurgical  Engineers,  Iron  and  Steel  Division,  1940,  vol.  140, 
pp.  127-131).  An  investigation  was  made  of  the  efifect  of  changes 
in  the  pumping  speed  and  of  the  addition  of  tin  to  the  crucible 
on  the  accuracy  of  oxygen  determinations  in  the  analjrsis  of  steel 
by  the  vacuum-fusion  method,  especially  with  regard  to  samples 
of  high  manganese  content.  The  results  indicated  that  the  error 
introduced  by  metallic  films  of  vaporised  metals  may  be  reduced 
by  the  addition  of  tin  in  the  manner  described  below,  and  by 
increasing  the  pumping  speed.  The  method  of  carrying  out  an 
analysis  using  tin  is  as  follows  :  After  the  crucible  has  been  suffi- 
ciently baked  out  at  about  2000**  C.  the  temperature  is  lowered  to 
1600°  C.  and  a  "  blank  "  is  collected  and  analysed.  The  tempera- 
ture is  then  lowered  to  1300**  C.  and  10-20  g.  of  tin  and  an  equal 
amount  of  low-manganese  iron  are  dropped  into  the  crucible.  The 
temperature  is  then  raised  to  1600**  C.  and  the  evolved  gas  is  pumped 
away  and  discarded.  During  this  time  the  walls  of  the  furnace  are 
being  coated  with  a  film  of  tin  which  is  vaporised  from  the  melt. 
When  the  furnace  pressure  has  returned  to  its  initial  value,  indicating 
that  the  gas  from  the  iron-tin  alloy  has  been  removed,  the  first 
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sample  may  be  dropped  into  the  cruoible  and  the  gas  evacuated. 
When  the  evacuation  is  complete  and  the  collected  gas  has  been 
transferred  to  the  analytical  train,  another  sample  can  be  treated 
and  the  gas  stored  in  the  reservoir.  This  procedure  practically 
doubles  the  number  of  samples  that  can  be  analysed  in  one  day. 
The  original  addition  of  tin  is  usually  sufficient  to  maintain  a 
vapour  of  tin  in  the  furnace  for  the  duration  of  any  one  day's 
run. 

Rapid  Determination  of  Oxygen  in  the  Molten  SteeL  S.  Tawara 
and  N.  Sato.  (Tetsu  to  Hagane,  1940,  vol.  26,  Sept.  25,  pp.  693- 
698).  (In  Japanese).  The  authors  describe  a  method  of  determin- 
ing the  oxygen  content  of  molten  steel.  This  method  is  a  modifica- 
tion  of  Herty 's  process  and  a  determination  can  be  made  in  15  min. 

On  the  roim  of  Nitrogen  in  Cr»  Ni-€r»  and  IIi-€r-M6  Steda.  I. 
Hayashi  and  M.  Ebisuda.  (Tetsu  to  Hagane,  1939,  vol.  25,  Deo.  25, 
pp.  1035-1042).  (In  Japanese).  The  authors  describe  a  method 
of  determining  the  nitrogen  in  alloy  steels  containing  chromium, 
nickel  and  molybdenum  and  discuss  the  results  obtained  ^hen  it 
was  applied  to  study  the  efifect  of  different  heat  treatments  on  the 
form  in  which  the  nitride  is  present  in  the  steel. 

Determination  of  Nitrogen  in  Iron  and  Steel  by  the  KjeUahl 
Method.  I.  T.  Somiya.  (Tetsu  to  Hagane,  1940,  vol.  26,  Jan.  25, 
pp.  43-46).  (In  Japanese).  The  author  describes  the  apparatus 
used  for  the  distillation  of  the  ammonia  formed  when  determining 
the  nitrogen  content  of  iron  or  steel  by  the  Kjeldahl  method. 

A  Comparative  Investigation  of  Methods  of  Determining  the 
Nitrogen  Content  in  Steel  and  in  Alloys.  6.  Phragm6n  and  R. 
Treje.  (Jernkontorets  Annaler,  1940,  vol.  124,  No.  9,  pp.  611-531). 
(In  Swedish).  It  has  been  observed  that  considerable  differences 
frequently  occur  in  the  nitrogen  determinations  of  the  same  steel 
when  carried  out  in  different  laboratories.  The  authors  have 
therefore  investigated  the  accuracy  of  a  number  of  different  methods, 
and  in  the  present  paper  they  survey  the  literature  on  the  subject 
and  report  on  some  of  the  results  obtained  in  their  laboratory  work. 
Determinations  can  easily  be  made  with  unalloyed  steels  by  dis- 
solving the  sample  in  a  dilute  acid  which  converts  the  nitrogen  into 
an  ammonium  salt;  but  with  alloy  steels  difficulties  arise  owing 
to  nitrogen  being  retained  in  the  undissolved  residue.  A  number 
of  methods  of  treating  the  residue  were  examined.  These  included 
filtering  it  on  asbestos,  drying  at  about  lOO''  C,  and  dissolving 
the  residue  either  in  sulphuric  acid  with  a  sulphate  addition,  or  in 
perchloric  acid  with  an  addition  of  sulphuric  acid,  or  alternatively  by 
oxidation  with  sodium  peroxide  by  KUnger's  method.  The  vacuiim- 
fusion  method  was  also  examined.  The  authors  found  that  in  most 
cases  the  results  were  in  fairly  good  agreement.  In  their  opinion 
the  method  using  sulphiuic  acid  with  a  sulphate  addition  is  a  simple 
and  reliable  one.  A  comprehensive  table,  in  which  the  nitrogen 
determinations  for  a  large  number  of  alloy  steels  carried  out  by  six 
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different  methods  are  compared,  is  presented,  and  a  bibliography 
with  82  references  is  appended. 

On  Hydrogen  in  SteeL  S.  Kobayashi.  (Tetsu  to  Hagane, 
1939,  vol.  26,  Sept.  26,  pp.  746-771).  (In  Japanese).  The  author 
studies  the  vacuum-fusion  method  for  the  determination  of  hydrogen 
in  iron  and  steel,  and  discusses  the  results  obtained  when  applying 
it  to  determine  the  variations  in  the  hydrogen  content  of  the  melt 
during  steelmaking  operations.  He  also  examines  the  relation 
between  the  amounts  of  hydrogen  in  the  steel  and  in  the  slag. 

On  the  Determination  of  the  Total  Sulphur  in  Steel  by  the  Com- 
bustion Method.  Y.  Kanamori.  (Tetsu  to  Hagane,  1940,  vol.  26, 
Aug.  26,  pp.  630-636).  (In  Japanese).  The  author  describes  a 
combustion  method  of  determining  the  sulphur  in  iron  and  in  alloy 
steels.  In  this  method  the  sample  is  burnt  in  oxygen  and  the  sulphur 
compounds  are  collected  by  passing  the  evolved  gases  through 
hydrogen  peroxide ;  after  removal  of  any  carbon  dioxide,  the  solution 
is  titrated  with  sodium  hydroxide. 

On  the  Determination  of  Silicate  Indtudons  in  Steel.  S.  Ko- 
bayashi, Y.  Kanamori  and  K.  Kosiya.  (Tetsu  to  Hagane,  1939, 
vol.  26,  Dec.  26,  pp.  1074-1080).  (In  Japanese).  The  authors 
describe  a  modification  of  Dickenson's  method  of  determining  the 
percentage  of  silicate  in  non-metallic  inclusions  in  steel.  Dicken- 
son's method  was  described  in  Joum.  I.  and  S.I.,  1926,  No.  I., 
p.  177. 

The  Determination  of  Non-Metallic  Indnsions  in  SteeL  I. 
Araki.  (Tetsu  to  Hagane,  1940,  vol.  26,  Jan.  26,  pp.  14-19).  (In 
Japanese).  The  author  compares  a  number  of  methods  of  de- 
termining the  amount  of  silica  and  alumina  in  steel.  For  silica 
determinations  the  method  he  proposes  is  to  dissolve  the  sample 
in  nitric  acid  and  treat  the  residue  with  hydrofluoric  and  sulphiuic 
acids,  and  he  puts  forward  an  oxime  method  for  alumina  determina- 
tions. He  also  discusses  the  results  obtained  by  applying  these 
methods  to  samples  taken  from  a  basic  electric-arc  furnace. 

On  the  bitroduction  of  the  Quantitative  Spectrum  Analirsis  of 
Iron  and  Steel  in  Work's  Practice.  I.  Kadokawa  and  K.  Nagata. 
(Tetsu  to  Hagane,  1939,  vol.  26,  Dec.  26,  pp.  1043-1062).  (In 
Japanese). 

Spectroscopic  Analirsis.  (Automobile  Engineer,  1940,  vol.  30, 
Nov.,  p.  368).  A  description  is  given  of  a  simplified  form  of  spectro- 
scope called  the  "  Spekker  Steeloscope."     (See  p.  79  a). 

Qoantitative  Spectrographic  Analysis  of  Steels.  S.  Vigo. 
(A.S.T.M.  Bulletin,  1940,  Dec,  pp.  17-22).  The  author  describes 
the  spectrographic  apparatus  used  at  the  laboratory  of  the  Water- 
town  Arsenal,  Massachusetts,  and  some  of  the  work  done  with  it. 
The  spectrograph  is  a  diffraction  grating  instrument  and  dispersion 
is  obtained  by  a  Johns  Hopkins  concave  speculum  grating  with  a 
curvature  of  3  m.  radius,  ruled  with  16,000  lines  per  in.  over  a 
distance  of  4  in.   and  height  of  2  in.    Three  orders  of  spectra  are 
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available.  The  first  with  a  diBpersion  of  5*2  A  per  mm.,  is  used  for 
quantitative  and  for  general  qualitative  analysis.  The  second  order 
(2*6  A  per  mm.)  is  applied  in  the  qualitative  analysis  of  complex 
alloys.  The  need  for  the  third  order  (1*7  A  per  mm.)  has  not 
arisen.  Spectrographic  analysis  at  this  arsenal  is  based  on  standard 
steels  and  the  author  describes  how  these  are  prepared.  The  mean 
relative  errors  in  routine  analyses  of  some  of  the  elements  were 
determined  and  found  to  vary  between  3-52%  and  8*38%,  and  the 
mean  relative  deviation  in  reproducibility  varied  between  1*70% 
and  4-96%. 


BOOK  NOTICE 


*    (Continued  from  pp.  79  a-82  a) 

Wilson,  W.  BLbb.  '*  Practical  Solution  of  Torsional  Vibration 
Problems  With  ExampUa  from  Marine,  Electrical,  Aero^ 
natUical,  and  Automobile  Engineering  Practice.*'  Second 
Edition.  Volume  1.  8vo.  Pp.  xx  +  731.  Illustrated. 
London,  1940.    Chapman  &  Hall,  Ltd.     (Price  £2  2^.) 

The  importance  of  vibration  in  the  case  of  installationB  having 
petrol  or  heavy  oil  engines  as  a  prime  mover  is  now  well  known,  and 
in  the  past  many  expensive  lessons  have  been  learnt  by  bitter  experi* 
enoe. 

This  book  contains  just  the  practical  information  which  is  required 
by  the  designer  so  that  vibration  may  be  obviated  in  the  running 
ranffe  in  the  design  stage.  Geared  systems  are  dealt  with  by  the 
author  at  some  length  and  methods  are  indicated  for  the  oorreot 
phasing  of  engines  working  on  the  same  main  wheel.  Flexible  ooapUnffs 
as  well  as  torsionally  stiff  and  axially  flexible  couplings  are  dealt  wiw. 
These  matters  are  regarded  by  the  writer  as  highly  important,  beoaoae 
it  is  likely  that  at  the  end  of  this  war  much  more  attention  will  be  paid 
to  the  problem  of  the  geared  marine  oil-engine  installation.  In  iAuB 
connection  a  careful  study  of  the  author's  sections  on  gecured  eyatema 
and  flexible  couplings  is  recommended. 

The  book  contains  much  useful  information  on  pendulum  damper»— 
one  well-known  builder  of  marine  oil  ensines  has  adopted  this  form 
of  damper — and  it  seems  probable  that  m  the  future  it  will  be  used 
more  frequently  in  marine  installations. 

It  is  noted  that  the  author  maintains  a  semi-empirioal  method 
for  the  estimation  of  vibration  stresses  at  resonant  speeds,  and  the 
writer  agrees  that  such  methods  are  the  only  practical  solution,  of  the 
problem.  Chapter  VI.  contains  some  very  valuable  information 
on  the  determination  of  stresses  at  non-resonant  speed,  and  indicatea 
methods  of  phasing  and  the  effect  of  the  order  of  firing  of  the  various 
cylinders. 

This  book  in  re-edited  form  has  now  become  what  may  be  termed 
a  standard  reference  book,  and  should  be  available  to  the  durauc^tsmen 
and  designers  responsible  for  transmission  systems  in  which  the  prime 
mover  delivers  a  periodic  fluctuating  torque. 

S.  F.  DOBXT. 
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eering  Practice.**  Second  Edition.  Volume  I.  8vo,  pp.  xz  +  ISl^ 
Illustrated.  London,  1940  :  Chapman  &  Hall,  Ltd.  (Price  £2  2s.) 
[See  notice,  p.  142  a.] 
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(Continued  from  pp.  85  a-87  a) 

The  Besistanoe  of  Magnesite  Bottoms  of  185-Toii  Open-Hearth 
Fumaoes.  V.  Dement'ev.  (Stal,  1939,  No.  12,  pp.  27-31).  (In 
Russian).  The  author  has  found  that  the  percentage  of  magnesia  in 
the  magnesite  is  a  measure  of  the  quality  of  a  fused-on  magnesite 
bottom  to  an  open-hearth  furnace,  and  experience  at  the  Magnito- 
gorsk Works  has  shown  that  75%  of  magnesia  is  the  optimum 
proportion.  Further  analyses  showed  that  the  main  change  in  the 
composition  of  the  furnace  bottom  during  the  period  of  its  service 
was  a  reduction  of  the  magnesia  content.  In  this  paper  he  deals 
with  the  causes  of  the  reduction  of  the  stability  of  the  bottoms. 
These  are :  (1)  Diffusion  of  admixtures  into  the  fused-on  bottom. 
This  in  turn  is  conditioned  by  the  difference  in  the  compositions  of 
the  bottom,  the  metal  and  the  slag,  as  well  as  by  the  temperature 
and  porosity  of  the  bottom.  (2)  The  composition  of  the  bottom  and 
the  duration  of  its  buming-in.  Ample  time  for  buming-in  should 
be  allowed.  (3)  Deposits  adhering  to  the  bottom.  These  are  caused 
mainly  by  the  practice  of  charging  lime  directly  on  to  the  bottom 
of  the  furnace.  The  best  method  is  to  charge  a  layer  of  clean  fine 
iron  scrap,  which  will  protect  the  bottom  from  the  lime  and  ore, 
and  will  also  damp  out  shocks  during  charging.  If  iron  scrap  is 
not  available,  a  layer  of  ore  is  the  next  best  thing.  (4)  Chemical 
activity  of  the  bottom.  This  is  partly  the  consequence  of  (I),  (2) 
and  (3).  The  impurities  which  find  their  way  into  the  bottom,  in 
particular  ferrous  oxide  and  manganous  oxide,  undergo  repeated 
reduction  and  oxidation  during  the  various  stages  of  the  open- 
hearth  process.  Statistical  investigations  have  shown  that  the 
oxidising  action  on  the  bottom  during  the  time  the  furnace  is 
standing  empty  between  heats  is  directly  connected  with  the  time 
lost  in  repairing  bottoms.  The  oxidising  period  during  the  heat 
has  a  like  effect.  (5)  BaMcity  of  the  slag.  The  maximum  stability 
of  the  bottom  is  obtained  with  a  lime/sUica  ratio  in  the  slag  of  2-6. 
(6)  Carbon  content  of  the  metal.  The  higher  the  carbon  content, 
the  lower  is  the  melting  point  and  the  higher  is  the  stability  of 
the  bottom. 

Effects  upon  Fomaoe  Refractories  of  Protective  Oases  for  Higb 
Carbon  Steels.  J.  H.  Loux.  (American  Chemical  Society,  Sym- 
posium on  Furnace  Atmospheres  for  Metallurgical  Purposes,  Sept., 
1940 :  Industrial  and  Engineering  Chemistry,  Industrial  Edition, 
1941,  vol.  33,  Jan.,  pp.  42-46).  The  author  discusses  the  problem 
of  finding  a  suitable  refractory  brick  which  will  not  be  disintegrated 
by  the  action  of  the  protective  atmospheres  used  in  the  heat 
treatment  of  high -carbon  steels.     {See  p.  40  a). 
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(Continued  from  pp.  118  A-120  a) 

The  Infinenoe  of  Hizing  of  Qaa  and  Air  on  the  Speed  of  Com- 
bustion* W.  Trinks.  (Industrial  Heating,  1940,  vol.  7,  Oct.,  pp. 
928-936).  The  author  presents  an  abridged  account  of  the  con- 
clusions of  Rummel  and  of  Schwiedessen  relating  to  methods  of 
mixing  fuel  gas  and  air  and  to  the  effects  of  different  methods  on 
the  rate  of  combustion  (see  Joum.  I.  and  S.I.,  1937,  No.  II.,  pp. 
124  a,  166  a,  255  a,  and  1938,  No.  I.,  p.  54  a).  He  also  discusses 
these  conclusions,  pointing  out  that  if  the  mixing  of  the  gas  and  air 
is  perfect,  the  flame  will  be  very  short  and  intense,  but  if  the 
mixing  is  not  perfect,  the  rest  of  the  mixing  must  take  place  within 
the  furnace  and  the  length  of  the  flame  will  then  depend  not  only 
on  the  burner  design,  but  on  the  manner  in  which  the  ga^s  impinge 
on  the  furnace  walls  and  roof  and  on  the  charge. 

Shrinkage  of  Coke.  H.  S.  Auvil,  J.  D.  Davis  and  J.  T.  McCart- 
ney. (United  States  Bureau  of  Mines,  1940,  Nov.,  Report  of 
Investigations  No.  3539).  The  Bureau  of  Mines  has  investigated 
the  shnnkage  of  coke  by  methods  which  eUminated  the  effect  of 
the  swelling  in  the  plastic  range  and  the  results  obtained  have  not 
all  been  published.  As  other  investigators  have  disagreed  with 
some  of  the  previous  conclusions  of  the  Bureau  (see  Joum.  I.  and 
S.I.,  1940,  No.  I.,  p.  174  a),  the  present  report  covers  the  entire 
investigation  and  makes  known  some  hitherto  unpublished  data. 
In  particular,  studies  were  made  of  the  "  after-shrinkage  "  of  coke, 
fi.e.,  the  shrinkage  obtained  on  reheating  a  newly  formed  coke  in 
an  inert  atmosphere  to  the  maximum  temperature  of  a  coke-oven. 
It  was  found  that  the  range  of  shrinkage  on  reheating  cokes  made 
at  500°  C.  to  900°  C.  was  23-8%  to  27-2%  (on  a  volume  basis),  from 
which  it  was  concluded  that  the  after-shrinkage  of  all  cokes  from 
commercial  coking  coals  is  virtually  the  same.  In  fact,  the  maxi- 
mum variation  found  was  hardly  large  enough  to  affect  appreciably 
the  net  expansion  or  the  pushing  properties  of  the  coke. 

The  Frodnction  of  Dry-Qoendied  Coke.  V.  Bazanishvil'.  (Stal, 
1939,  No.  12,  pp.  18-20).  (In  Russian).  Dry-quenched  coke  was 
first  produced  in  Russia  in  1936  at  the  Kirov  Works.  The  coke  is 
quenched  by  a  stream  of  neutral  gas  which  is  circulated  in  a  closed 
circuit,  giving  up  to  boilers  the  heat  taken  up  from  the  coke.  The 
article  presents  a  summary  of  one  month's  determinations  of  the 
properties  of  dry-quenched  coke  as  compared  with  those  of  wet- 
quenched  coke  prepared  at  the  same  time  from  the  same  coal. 
The  screen  analysis  showed  the  dry-quenched  coke  to  be  superior 
and  more  uniform.  It  was  also  better  as  regards  mechanical 
strength  and  abrasion  resistance  and  had  less  cracks.  The  ash 
and  sulphur  contents  were  the  same  for  both  types  of  coke,  but 
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the  dry-quonched  coke  contained  less  moisture  and  less  volatile 
matter.  Very  brief  production  details  are  given.  On  the  whole, 
it  is  concluded  that  dry-quenched  coke  is  to  be  preferred  for 
metallurgical  purposes. 


PRODUCTION  OF  IRON 


(Continued  firom  pp.  120  a-121  a) 

An  Electrically  Operated  Clay  Oon.  A.  F.  Morgan.  (Iron  and 
Steel,  1940,  vol.  14,  Oct.,  pp.  12-13).  An  illustrated  description  is 
given  of  an  electrically  dnven  clay  gun  for  plugging  the  tap-hole 
of  blast-furnaces.     (See  Joum.  I.  and  S.I.,  1940,  No.  II.,  p.  178  a). 

The  Froduction  of  Charcoal  Fig  Ircm  in  the  Urals.  I.  Sokolov. 
(Stal,  1939,  No.  12,  pp.  14-17).  (In  Russian).  The  present  output 
of  pig  iron  in  the  Urals  amounts  to  about  430,000  tons  per  annum. 
This  includes  about  160,000  tons  of  iron  which  is  worked  up  by  the 
acid  open-hearth  process,  about  50,000  tons  of  nickel-chromium 
foundry  iron,  the  remainder  being  mainly  worked  up  by  the  basic 
open-hearth  process,  with  an  insignificant  amount  for  foundry 
work.  One  ton  of  iron  requires  about  7  cu.  m.  of  charcoal,  ».e., 
945-980  kg.  The  author  summarises  the  various  properties 
which  make  charcoal  iron  superior  to  coke  iron.  These  properties 
are  inherent  or  hereditary  in  the  irons  and  their  origin  must  be 
sought  in  differences  in  the  conditions  obtaining  during  the  pro- 
duction of  the  two  types  of  iron.  Owing  to  the  greater  reactivity 
of  the  charcoal,  reduction  of  the  ore  in  the  blast-furnace  is  more 
complete  at  a  lower  temperature.  There  is  little  or  no  solution  of 
ferrous  oxide  in  the  reduced  iron  and  there  are  reasons  to  believe 
that  the  content  of  other  oxide  inclusions  would  be  lower  in  the 
charcoal  iron.  This  fact  would  determine  the  structure  on  solidi- 
fication. Owing  to  the  lower  temperature  and  the  different  com- 
position of  the  slag,  the  gas  content  of  the  charcoal  iron  would  also 
be  less  than  that  of  coke  iron.  In  the  concluding  section,  brief 
reference  is  made  to  ore  deposits  in  the  Urals  from  which  ores 
suitable  for  the  production  of  charcoal  irons  low  in  sulphur  and 
phosphorus,  and  of  alloy  irons  containing  titanium  and  nickel- 
chromium,  could  be  obtained.  An  estimate  of  the  timber  resources 
leads  to  the  conclusion  that,  with  the  necessary  organisation, 
enough  charcoal  could  be  made  available  to  render  possible  an 
output  of  not  less  than  1-5  million  tons  of  charcoal  iron  per  annum. 

Break-Through  of  the  Hearth  of  the  No.  4  Blast  Fomaoe  at  the 
Magnitogorsk  Works.  P.  Natarov.  (Stal,  1940,  No.  1,  pp.  9-12). 
(In  Russian).  A  break-through  of  the  hearth  which  occurred  in 
one  of  the  blast-furnaces  at  the  Magnitogorsk  Works  about  400- 
500  mm.  below  the  iron  notch  is  briefiy  described.  The  causes  of 
the  break-through  and  the  repairs,  which  took  sixteen  days,  are 
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dealt  with  and  some  suggestions  are  made  with  a  view  to  the 
prevention  of  similar  accidents. 

ESects  of  Scrap  in  the  Blast-Fomace  Burden.  C.  L.  T.  Edwards. 
(American  Institute  of  Mining  and  Metallurgical  Engineers,  Tech- 
nical Publication  No.  1270 ;  Metals  Technology,  1941,  vol.  8,  Jan.). 
The  author  discusses,  from  the  technical  and  economic  points  of 
view,  the  effects  of  the  addition  of  scrap  to  the  blast-furnace  burden 
and  briefly  reports  on  the  experience  gained  by  the  Bethlehem  Steel 
Co.  in  this  respect.  He  comes  to  the  conclusion  that  there  is  no 
fundamental  (Terence  between  pig  irons  produced  from  ore  and 
from  scrap  and  that  differences  sometimes  occurring  are  only  due 
to  the  nature  of  the  materials  involved,  i.e.,  variables  which  are 
inherent  in  ore  mixtures  just  as  much  as  in  mixtures  that  include 
scrap. 

Recent  European  Developments  in  Fig-Iron  Manotactore.    N.  L. 

Evans.  (Institute  of  British  Foundrymen  :  Iron  and  Coal  Trades 
Review,  1941,  vol.  142,  Feb.  14,  p.  217 ;  Feb.  21,  pp.  245-246, 
Feb.  28,  p.  268).  The  author's  paper  on  English  and  Continental 
experiments  during  the  last  ten  years  on  the  desulphurisation  of  pig 
iron  in  the  ladle  with  soda  ash  is  reproduced.     (See  p.  120  a). 

An  Investigation  of  the  Comparative  Bedadbihty  of  Swedish 
Bed,  Black  and  Bog  Ores.  J.  Petren.  (Jemkontorets  Annaler, 
1940,  vol.  124,  No.  11,  pp.  689-.599).  (In  Swedish).  The  author 
reports  the  residts  of  a  laboratory  investigation  of  the  reducibiUty 
of  a  number  of  Swedish  iron  ores.  The  results  are  presented  in  a 
number  of  comprehensive  tables.  From  these  it  can  be  said  that 
the  bog  ores  have  about  the  same  reducibiUty  as  the  hematite 
ores,  but  they  could  perhaps  be  fully  reduced  at  a  slightly  lower 
temperature.  The  three  hematite  ores  tested  behaved  in  a 
similar  manner  and  the  rate  of  reduction  was  imafifected  by  the 
particle  size;  the  reduction  began  earlier  and  at  a  much  lower 
temperature  than  was  the  case  with  the  magnetites.  The  tests  on 
the  six  different  magnetites  produced  widely  differing  results,  show- 
ing that  the  reducibility  of  these  ores  varied  considerably  and  was 
related  to  their  structure  and  grain  size. 

.  Blast-Fomace  Slag  Aggregates  in  Building  and  Boad  Construction* 
T.  W.  Parker.  (Chemistry  and  Industry,  1941,  vol.  60,  Feb.  1, 
pp.  59-63).  The  author  reports  on  an  investigation  on  the  uses  of 
blast-furnace  slag  in  building  construction,  which,  for  the  past  few 
years,  has  been  'barried  out  at  the  Building  Research  Station, 
Garston,  Herts.,  for  the  Blastfurnace  Committee  of  the  Iron  and 
Steel  Industrial  Research  Council.  In  the  present  paper  he  reviews 
only  the  use  of  the  material  as  heavy  aggregate  in  macadam  and 
concrete,  and  gives  no  consideration  to  foamed  slag  used  as  a 
light-weight  aggregate.  In  the  first  section  he  deals  with  the 
chemical  composition  and  petrography  of  blast-furnace  slag,  point- 
ing out  that  most  of  the  slag  used  in  Great  Britain  may  be  regarded 
as  a  synthetic  mineral  composed  chiefly  of  melilite  and  calcium 
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silicates  or  anorthite,  together  with  calcium  sulphide  and  minor 
compounds.  In  the  second  section  he  reviews  various  methods 
employed  for  the  preparation  of  slag  for  the  market,  and  states 
that  more  uniformity  of  product  would  no  doubt  be  obtained  if 
suitable  specifications  for  slag  were  available.  He  enumerates  the 
properties  it  would  be  necessary  to  specify.  In  the  third  section 
he  briefly  considers  the  use  of  slag  in  road  construction.  Experi- 
mental work  on  this  problem  has  not  yet  been  carried  out  in  the 
laboratory,  and  his  information  is  based  on  experience  gained  in 
the  survey  of  slag  sources  and  on  observations  made  by  officials  of 
slag-producing  works  and  local  road  authorities.  Finally,  in  the 
fourth  section,  he  summarises  the  results  of  a  comprehensive  series 
of  tests  on  the  strength  and  stability  of  concretes  made  from  slags 
from  various  sources  and  on  the  influence  of  slag  on  steel  rein- 
forcements, and  reports  very  briefly  on  the  examination  of  some 
samples  of  concretes  containing  blast-furnace  slag  in  which  failures 
or  troubles  had  arisen. 
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Desolphurizing  Capola  Cast  Iron  bom  the  Practical  Angle.    W. 

Levi.  (Transactions  of  the  American  Foundrymen's  Association, 
1941,  vol.  48,  Mar.,  pp.  623-636).  The  author  describes  the  desul- 
phurising  procedure  adopted  at  an  American  foundry  making  cast- 
ings for  ploughs  and  all  sizes  of  pipes.  There  are  six  large  cupolas 
with  fore-hearths  at  this  found^  and  a  high  proportion  of  scrap 
(over  83%)  is  used  in  the  charge.  The  iron  is  desulphurised  by 
additions  of  fused  soda  ash.  The  fore-hearth  is  preheated  to  at 
least  24(X)°  F.  before  any  iron  is  tapped  into  it.  After  sufficient 
iron  has  been  run  into  the  fore-hearth  to  cover  the  hole  leading  to 
the  spout,  a  predetermined  amount  of  soda  ash  is  added,  the  fore- 
hearth  is  filled  up  with  more  iron,  and  the  metal  is  tapped  into 
a  thoroughly  preheated  transfer  ladle.  When  this  is  done,  suffi- 
cient soda  ash  is  immediately  added  to  the  fore-hearth  to  treat 
an  amount  of  iron  equal  to  that  which  has  been  removed.  The 
fore-hearth  must  be  completely  refilled  before  any  further  ladles 
are  filled  from  it.  After  several  ladles  of  iron  have  been  drawn 
ofi*  and  an  equal  number  of  additions  of  soSk  ash  have  been 
made,  a  layer  of  slag  will  have  formed  on  the  surface.  This  slag 
is  skimmed  oflF  by  allowing  the  level  of  the  iron  in  the  fore-hearth 
to  rise  to  just  below  the  slag  spout.  More  efficient  desulphurisation 
is  obtained  when  there  is  a  thin  layer  of  slag  over  the  iron.  At  this 
foundry  the  sulphur  contents  of  the  iron  before  and  after  the  soda 
ash  treatment  average  0-138%  and  0-093%,  respectively ;  8  lb.  of 
soda  ash  per  ton  of  iron  are  added  and  the  refining  action  takes 
about  17  min.    Data  on  the  cost  of  the  treatment  are  also  presented. 
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Effect  of  Manganese  on  Second-Stage  Graphitization.    D.  P. 

Forbes,  P.  A.  Paulson  and  G.  K.  Minert.  (Transactions  of  the 
American  Foundrymen*s  Association,  1941,  vol.  48,  Mar.,  pp.  574- 
586).  A  ''  pearlitic  malleable  "  iron  differs  from  ordinary  malleable 
iron  in  that  a  portion  of  the  carbon  (usually  0-40%  to  0-80%)  is  re- 
tained as  combined  carbon  in  the  finished  product.  White  cast  iron 
can  be  graphitised  by  subjecting  it  to  two  cycles  of  heat  treatment 
which  the  present  authors  refer  to  as  **  first-stage  "  and  "  second- 
stage  "  graphitisation.  The  effect  of  the  manganese  content  on  first- 
stage  graphitisation  has  been  previously  reported  {see  Joum.  1.  and 
S.I.,  1939,  No.  I.,  p.  121  a).  In  this  paper  the  authors  report  on  an 
investigation  of  the  effect  of  manganese  as  a  retarder  of  graphitisation 
and  carbide  stabiliser  in  the  second  stage.  Three  sets  of  test  bars 
were  prepared  containing  total  carbon  2-28%,  sulphur  0-09%,  phos- 
phorus 0-14%  and  sihcon  about  1%,  and  the  manganese  content 
was  varied  by  adding  ferro-manganese  to  the  ladle  so  that  the 
three  sets  contained  0-46%,  0-91%  and  1-28%  of  manganese 
respectively.  For  the  first  stage,  all  the  bars  were  heated  up  to 
1720°  F.  in  18  hr.,  held  at  this  temperature  for  30  hr.,  and  cooled 
to  room  temperature  in  still  air  in  about  1  hr.  For  the  second 
stage,  three  bars  from  each  set  were  assembled  in  four  groups, 
reheated  to  1300°  F.,  and  removed  from  the  furnace  at  intervals  of 
45  min.,  3  hr.,  12  hr.  and  48  hr.,  respectively.  The  combined 
carbon  of  the  specimens  was  determined  and  microscopical  examina- 
tions were  made.  It  was  found  that  the  greater  the  manganese 
content,  the  greater  was  the  retardation  of  the  graphitisation  rate  in 
the  second  stage  at  constant  subcritical  temperatures.  The  loga- 
rithm of  the  time  required  to  graphitise  a  given  percentage  of  com- 
bined carbon  at  subcritical  temperatures  was  approximately  propor- 
tional to  the  percentage  of  manganese  present.  In  general,  the 
practical  advantages  of  increasing  the  manganese  in  pearlitic 
malleable  iron  are  :  (1)  Graphitisation  is  retarded,  with  the  result 
that  minor  variations  in  temperature,  time  and  composition  will 
not  cause  large  variations  in  the  tensile  properties  of  the  castings ; 
(2)  the  rapid  loss  of  combined  carbon  while  spheroidisation  of  the 
cementite  is  proceeding  will  be  prevented;  and  (3)  it  enables 
some  combined  carbon  to  be  retained  in  metal  subjected  to  a  heat 
treatment  which  would  completely  graphitise  ordinary  malleable 
iron. 

Inverse  Chill  in  Malleable  Iron.  £.  Touoeda.  (Transactions  of 
the  American  Foundrymen's  Association,  1941,  vol.  48,  Mar.,  pp. 
449-461).  The  author  reports  on  an  investigation  of  a  number  of 
test-pieces  of  malleable  iron  the  object  of  which  was  to  ascertain 
the  cause  of  an  unsatisfactory  condition  often  called  **  inverse 
chill."  The  fracture  of  specimens  reveals  this  condition  when  the 
outer  layer  of  metal  is  dans  and  the  core  light  in  appearance.  The 
theory  put  forward  by  the  author  is  that  if  the  ferrite  grains  are 
ductile  they  will  elongate  and  cause  the  fracture  to  have  innumerable 
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tiny  pits ;  the  ridges  between  them  will  cast  shadows  and  cause 
this  region  to  appear  dark.  On  the  other  hand,  should  the  ferrite 
be  brittle,  or  if  there  are  particles  of  firee  cementite  distributed  in 
the  matrix,  the  fracture  will  be  smoother,  with  less  shadow,  and 
therefore  lighter  in  appearance. 

Chaplets  and  the  Sted  Castiiig.  H.  F.  Taylor  and  E.  A.  Bomin- 
ski.  (Transactions  of  the  American  Foundrymen's  Association, 
1941,  vol.  48,  Mar.,  pp.  481-513).  The  authors  investigated  the 
influence  of  a  number  of  factors  afifecting  the  degree  of  fusion 
obtained  between  the  metal  of  a  chaplet  and  the  metal  of  a  casting. 
For  this  purpose  a  series  of  similar  castings  was  made  using  chaplets 
with  plain,  threaded  and  specially  shaped  stems,  and  the  effects  of 
copper,  tin,  cadmium,  silver  and  aluminium  coatings  and  of  impreg- 
nating the  chaplet  metal  with  silicon  were  examined.  Sections 
were  cut  in  two  directions  across  the  finished  casting  so  that  the 
fusion  line  could  be  studied  under  the  microscope.  The  conclusions 
reached  were  as  follows :  (1)  A  threaded  stem  on  a  chaplet  does 
not  necessarily  improve  the  fusion;  in  some  cases  this  shape  is 
detrimental,  because  dust  and  moisture  may  accumulate  at  the 
bottom  of  the  threads  and  cause,  gases  to  form.  Threaded  stems 
key  the  chaplet  to  the  casting  by  fusion  along  the  ridges  of  the 
thread,  but  without  complete  fusion  at  the  root  the  casting  may 
fail  in  service.  (2)  The  storage  and  handling  of  chaplets  should 
receive  greater  attention  with  a  view  to  increasing  the  cleanliness. 

(3)  A  heavily-coated  steel  chaplet  fuses  readily,  but  does  not 
always  give  sufficient  support  to  the  core.  The  ideal  is  to  have  a 
thin  alloy  case  with  a  core  of  steel  that  does  not  melt  so  easily. 

(4)  Low-carbon  steel  is  a  good  material  for  chaplets  for  steel 
eastings.  (5)  Fusion  is  aided  by  the  migration  of  carbon  from 
the  cast  metal  into  the  low-carbon  steel  of  the  chaplet.  (6) 
Silicon-impregnated  chaplets  fuse  readily,  but  grain-coarsening 
takes  place  in  a  small  area  round  the  chaplet.  (7)  The  results 
obtained  with  chaplets  dipped  in  tin  were  not  consistent  and  no 
general  conclusion  could  be  drawn.  (8)  Copper-  and  nickel-plated 
chaplets  are  satisfactory  when  they  are  properly  prepared  and  kept 
clean.  (9)  Silver-plated  chaplets  are  very  satisfactory,  but  silver- 
cadmium  and  cadmium  coatings  are  unsatisfactory  because  of  the 
high  vapour  pressure  of  cadmiimi.  (10)  Chaplets  sprayed  with 
aluminium  proved  to  be  good  in  this  investigation,  but  further 
study  of  them  is  required.  (11)  The  stream-lining  of  chaplets 
assists  the  gases  to  escape ;  this  also  is  a  subject  requiring  further 
study. 

Beoent  Experiments  with  Gray  Iron  Synthetic  Molding  Sand. 

F.  Holtby  and  H.  F.  Scobie.  (Transactions  of  the  American 
Foundrymen's  Association,  1941,  vol.  48,  Mar.,  pp.  465-476).  The 
authors  report  on  an  investigation  of  the  properties  of  some  synthetic 
sand  mixtures  for  making  grey-iron  castings  using  as  a  base  sand 
from  the  St.  Peter  sandstone  formation  in  the  Mid- Western  States 
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of  America,  in  particular  that  found  in  Minnesota.  Mixtures  were 
also  made  up  with  additions  of  the  fines  which  are  removed  as 
waste  material  from  the  moulding  sand  in  steel  foimdries.  The 
authors  are  of  the  opinion  that  the  above  sandstone  formation 
offers  an  almost  inexhaustible  supply  of  practically  pure  silica  sand 
which  can  be  used  as  a  base  for  mixtures  for  both  moulds  and 
cores,  and  that  the  fines  from  steel  foundries  can  be  blended  with 
other  sands  of  similar  composition  to  control  the  permeability  of 
the  mixture. 

French  Views  on  Moulding  Sands.  (Foundry  Trade  Journal, 
1941,  vol.  64,  Jan.  30,  pp.  71-73).  The  eflFects  of  drying,  milling 
and  variations  in  moisture  content  on  the  permeability  of  moulding 
sands  are  discussed. 

One  Way  of  Uaking  a  Loam  Mould.  J.  Potter.  (Institute  of 
British  Foundrjrmen  :  Foundry  Trade  Journal,  1941,  vol.  64,  Feb.  6, 
pp.  85-86).  The  author  describes  the  method  which  he  favours 
for  preparing  a  loam  mould  for  casting  a  Diesel  engine  silencer. 

Production  of  Automotive  Castings.  H.  S.  Austin.  (Metal  Pro- 
gress, 1940,  vol.  38,  Dec,  pp.  775-780).  After  discussing  how  the 
structure  of  cast  iron  varies  with  different  carbon  and  siUcon  con- 
tents and  the  influence  of  silicon  on  the  combined  carbon  during 
heat  treatment,  the  author  describes  some  recent  improvements 
in  cupola  practice.  He  shows  in  particular  how  the  cupola  practice 
is  adjusted  for  the  manufacture  of  iron  for  piston  rings  and  other 
automobile  parts. 

Influence  of  the  Mold  on  Shrinkage  in  Fenous  Castings.  H.  L. 
Womochel  and  C.  C.  Sigerfoos.  (Transactions  of  the  American 
Foundrymen's  Association,  1941,  vol.  48,  Mar.,  pp.  591-618).  The 
authors  studied  the  effects  of  the  hardness  of  the  mould  and  of  the 
compressive  strength,  permeability,  moisture  content  and  com- 
position of  the  moulding  sand  on  the  degree  of  pipe  in  cast  round 
bars  of  grey  iron  and  steel.  Their  general  conclusions  were  : 
(1)  A  high  moisture  content,  a  high  compressive  strength  of  the 
green  sand,  soft  ramming  and  an  uneven  distribution  of  the  grains 
of  different  sizes  all  tend  to  promote  shrinkage  defects  in  grey -iron 
castings ;  (2)  the  presence  of  sea  coal  in  green  sand  decreases  the 
amount  of  piping  in  risers  in  grey-iron  castings ;  (3)  small  grey- 
iron  castings  made  in  baked  oil-sand  moulds  have  no  shrinkage 
defects ;  and  (4)  small  steel  castings  are  not  so  susceptible  as  grey- 
iron  castings  to  changes  in  the  moulding  conditions.  It  is  pointed 
out  that  the  influence  of  the  compressive  strength  of  green  sand  as 
stated  in  conclusion  (1)  appUes  oiUy  under  the  conditions  of  casting 
described  by  the  authors. 
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(Continued  from  pp.  122  A~123  a) 

Works  of  the  Chamber  of  Mines  Steel  Products.  W.  Wallace. 
(Journal  of  the  South  African  Institution  of  Engineers,  1940,  vol. 
39,  Dec,  pp.  101-110).  After  an  introduction  in  which  information 
is  given  on  the  capital  of  the  Chamber  of  Mines  Steel  Products  Co., 
its  yearly  output  during  the  last  24  years,  the  number  of  employees, 
&c.,  the  author  deals,  in  separate  paragraphs,  with  the  following 
subjects  :  Historical  development  of  the  company ;  raw  materials ; 
the  foundry ;  the  ball-mill  plant ;  the  die  press  plant ;  and  process 
losses.  In  conclusion  he  reproduces aflow  sheet  showing  the  monthly 
requirements  of  raw  materials,  the  output,  and  the  intermediate 
products  and  stages  of  production. 

Rustless  Iron  and  Steel  Corporation  Increases  Product  of  Plant 

(Blast  Furnace  and  Steel  Plant,  1940,  vol.  28,  Dec,  pp.  1160-1162). 
A  brief  description  is  given  of  the  recently  completed  extensions  to 
the  works  of  the  Rustless  Iron  and  Steel  Corporation  in  Baltimore. 
(See  p.  92  a). 

Plant  Expansion  of  the  Rustless  Iron  and  Steel  Corp.    E.  F. 

Cone.  (Metals  and  Alloys,  1940,  vol.  12,  Dec,  pp.  769-777).  The 
author  briefly  describes  the  extension  of  the  Rustless  Iron  and  Steel 
Corporation  of  Baltimore,  which  was  designed  in  1935  and  com- 
pleted in  1940.    Numerous  photographs  are  reproduced. 

A  Method  of  Rapid  Dephosphorisation  of  Bessemer  SteeL  6.  M. 
Yocom .  (American  Institute  of  Mining  and  Metallurgical  Engineers, 
Technical  PubUcation  No.  1265  ;  Metals  Technology,  1941,  vol.  8, 
Jan.).  After  an  introduction,  in  which  the  development  of  the 
acid  and  basic  Bessemer  processes  in  America  and  Europe  are 
reviewed  at  some  length,  the  author  describes  the  method  applied 
for  the  dephosphorisation  of  acid  Bessemer  steel  at  the  Benwood 
plant  of  the  Wheeling  Steel  Corporation,  Benwood,  West  Virginia, 
where  250,(X)0  tons  of  low-phosphorus  steel  were  produced  during 
the  last  three  years.  The  dephosphorising  mixture  used  consists 
of  60%  of  calsifer  (impure  lime),  30%  of  dried  mill  scale  and  20% 
of  dried  flux.  The  analysis  of  this  mixture  when  melted  together 
to  form  a  slag  is  as  follows  :  CaO  48%,  Fe^Oa  28%,  SiO,  7%  and 
-^2^3  '7%*  '^^^  mixture  is  added  in  the  cold  state  to  the  stream 
of  metal  as  it  is  being  poured  from  the  converter  into  the  ladle,  and 
the  operation  is  completed  in  about  30  sec  The  phosphorus  con- 
tent is  reduced  in  that  short  time  from  0-95-0-100%  to  0020- 
0-040%.  The  author  gives  information  on  the  following  subjects 
of  importance  in  connection  with  this  method  of  dephosphorising  : 
Properties  of  low-phosphorus  and  normal-phosphorus  iron ;  low- 
phosphorus  Bessemer  steel ;  iron  and  slag  control  for  dephosphorisa- 
tion; iron  specification  for  dephosphorisation;    blowing  practice 
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for  dephosphorised  heats ;  separation  of  slag  and  metal ;  simul- 
taneous dephosphorisation  and  ferro-manganese  addition;  ladle 
linings ;  preparation  and  properties  of  the  dephosphorising  mix- 
ture ;  fluxes ;  ladle  reaction ;  ladle  slags ;  physical  and  hot- 
working  properties,  and  welding  and  threading  quality  of  dephos- 
phorised steel.  In  conclusion  the  author  enumerates  the  advantages 
and  disadvantages  of  the  dephosphorising  method. 

The  Mechanics  of  ttie  GhEUi  Str^m  in  the  Bath  of  a  Bessemer 
Converter.  I.  Kazantsev.  (Stal,  1940,  No.  1,  pp.  16-18).  (In 
Russian).  The  author  obtains  mathematically  a  dimensionless 
expression  for  the  ratio  WJWa  where  W^  is  the  axial  velocity  of 
the  air  stream  in  the  medium  at  a  distance  x  from  the  nozzle,  and 
Wa  is  the  axial  velocity  at  the  mouth  of  the  nozzle.  Some  numerical 
results  for  the  expression  were  obtained  experimentally  by  measur- 
ing the  velocities  of  air  streams  in  water  and  merciuy ,  the  air  stream 
being  blown  in  at  the  bottom  of  the  container  holding  the  liquid.  In 
the  case  of  mercury,  evidence  was  obtained  showing  that  a  large 
number  of  droplets  of  metal  were  carried  by  the  air  stream  inside 
the  liquid.  The  conditions  under  which  the  air  stream  will  carry 
liquid  away  with  it  above  the  siu*face  of  the  liquid  are  also  con- 
sidered. The  conclusions  are  that  in  a  converter  the  amount  of 
metal  thrown  out  by  the  air  stream  will  be  less  the  smaller  the 
diameter  of  the  nozzle  and  the  deeper  the  bath.  The  degree  of 
utilisation  of  the  oxygen  of  the  blast  in  the  converter,  and  con- 
sequently the  speed  of  the  process,  will  be  greater  the  smaller  the 
value  of  WxIWa  at  the  surface  of  the  bath.  It  is  suggested  that  a 
suitable  value  of  the  ratio  of  the  depth  of  the  metal  to  the  diameter 
of  the  nozzles  would  be  50-60  instead  of  the  value  of  25-30  used  at 
present.  This  would  permit  the  speed  of  the  blast  at  the  ends  of 
the  nozzles  to  be  reduced  from  300  to  250  m.  per  sec.  without 
impairing  the  efficiency  of  the  reaction  of  the  oxygen  with  the 
metal. 

Notes  on  Add  Open  Hearth  Practice  with  Reference  to  the 
Manufacture  of  T^  SteeL  E.  C.  Houston.  (Journal  of  the  West 
of  Scotland  Iron  and  Steel  Institute,  1940,  vol.  48,  Oct.,  pp.  3-10). 
The  furnace  and  casting  procedures  in  the  manufacture  of  steel 
t3rres  from  acid  open-hearth  steel  are  described  and  discussed.  A 
high  standard  of  ingot  siu*face  is  required,  for  the  dimensions  of  the 
bloom  or  **  cheese  "  after  forging  do  not  include  sufficient  machining 
allowances  for  the  removal  of  surface  seams.  In  order  to  obtain 
the  standard  required,  the  ingots  are  cast  uphill  in  groups,  the  moulds 
having  been  cleaned  and  coated  with  a  light  bitumastic  liquid.  A 
moderate  treatment  with  aluminium  to  suppress  the  slagging  action 
partially  is  reconmiended.  When  teeming  clusters  of  two  and  of 
four  ingots  at  the  same  rate  of  rise  in  inches  per  minute,  the  metal 
in  the  first  case  is  twice  as  long  in  passing  through  the  central 
feeder  and  is  consequently  cooled  more,  so  that  to  get  the  metal 
into  the  moulds  at  the  same  temperature  in  both  cases,  a  faster 
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rate  of  rise  is  required  in  the  smaller  cluster.  It  is  generally  con- 
ceded that  the  round  ingot  is  the  most  difficult  to  cast  without 
cracking.  If  the  following  expression  is  taken  as  a  measure  of  the 
departure  from  roundness  of  an  ingot : 

DifiFerence  in  the  diameters  of  the  circumscribed  and  inscribed  oiroles 

Diameter  of  the  inscribed  circle  ' 

it  has  been  found  that  the  degree  of  fireedom  from  cracking  decreases 
as  this  ratio  decreases.  The  melting  and  refining  practice  is 
described  in  detail  in  the  latter  part  of  the  paper. 

Stakhanov  Working  at  the  New  Open-Hearth  Shop  at  the  Daer- 
zhmskiy  Works.  M.  Orman  and  L.  Boytburd.  (Stal,  1939,  No. 
12,  pp.  21-27).  (In  Russian).  The  melting  shop  at  the  Dzer- 
zhinskiy  works  has  four  basic  furnaces  each  with  a  hearth  area  of 
50*74  sq.  m.  The  timing  of  the  various  stages  of  the  open-hearth 
process  is  discussed.  A  heat  of  axle  steel  takes  9  to  10^  hr.,  de- 
pending on  the  gas  supply.  The  life  of  the  furnaces  has  been 
improved  by  certain  structural  alterations  and  efficient  upkeep. 
Reference  is  made  to  certain  improvements  in  the  working  con- 
ditions in  the  shop  and  to  the  reorganisation  of  the  wage  system, 
which  is  based  on  an  appraisal  of  results.  At  the  time  the  shop 
changed  over  to  operation  to  a  time  schedule,  a  control  and  despatch 
system  was  organised.  Some  data  characterising  the  way  in  which 
the  planned  schedule  was  carried  out  in  the  shop  during  1939  are 
given. 

The  Melting  of  Steel  KhNM  in  a  Basic  Open-Hearth  Fomaoe. 
A.  Madyanov  and  A.  Denisov.  (Stal,  1940,  No.  1,  pp.  19-21).  (In 
Russian).  The  melting  of  chromium-nickel,  ball-beaiing  and  other 
high-grade  steels  as  usually  done  in  acid  open-hearth  or  electric 
furnaces  takes  rather  a  long  time  and  the  process  can  be  carried 
out  more  rapidly  by  conducting  it,  under  appropriate  conditions, 
in  a  basic  open-hearth  furnace.  The  necessary  conditions  and 
some  of  the  experience  gained  from  two  experimental  heats  are 
discussed.  The  process  involves  diffusional  deoxidation,  by  means 
of  which  the  need  for  adding  ferro-alloys  to  deoxidise  the  steel  with 
the  consequent  unavoidable  and  undesirable  formation  of  non- 
metaUic  inclusions  can  be  avoided.  For  efficient  diffusional  de- 
oxidation  in  the  practice  imder  discussion,  the  slag  composition 
had  to  be  adjusted  to  give  a  fluid  slag.  When  the  carbon  content 
had  been  reduced  to  within  0- 10-0*15%  of  the  final  value,  the  slag 
was  treated  with  a  deoxidising  mixtiu^  (ferro-siUcon,  quick-lime 
and  coke).  This  reduced  the  rate  of  elimination  of  the  carbon. 
Another  more  active  deoxidising  mixture,  containing  more  ferro- 
silicon  and  coke,  was  then  thrown  on  to  the  slag.  Boiling  was 
thereby  stopped.  Preheated  ferro-chromium  was  added  with  fmrther 
portions  of  the  deoxidising  mixture,  and  the  bath  was  stirred. 
The  addition  of  the  deoxidising  mixtiu^  is  shown  by  the  metal- 
composition/time  curves  to  cause  a  slight  increase  in  the  phosphorus 
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content  of  the  metal,  which,  however,  did  not  exceed  the  per- 
missible limits.  The  mechanical  properties  and  inclusion  rating 
(sulphides  and  oxides)  of  the  cast  steel  from  the  basic  open-hearth 
ifimiace  were  found  to  be  essentially  the  same  as  those  of  electric 
furnace  steel. 

The  Chiomium  Redaction  Prooess  with  Diffnsional  Deozidation 
in  Add  Electric  Fomaoes  (ttie  Zaporozbstal'  Method).    Yu.  Shul'te. 

(Iron  and  Steel,  1940,  vol.  14,  Oct.,  pp.  2-6).  An  English  trans- 
lation is  presented  of  a  paper  on  the  theory  and  practice  of  remelt- 
ing  a  charge  consisting  entirely  of  chromium-nickel  or  chromium- 
molybdenum  structural  steel  scrap  with  carbon  0*25%  min.  and 
chromium  1*6%  max.  This  paper  appeared  in  Russian  in  Stal, 
1939,  No.  8,  pp.  18-22  and  an  Enghsh  abstract  was  published  in 
Joum.  I.  and  S.I.,  1940,  No.  I.,  p.  281  a. 

Production  of  Chromium-llfolyMenum-Alnmininin  Steel  by  Melt- 
ing Works  Scrap  in  Basic  Electric  Furnaces  without  Oxidation. 
V.  Gol'dman.  (Stal,  1940,  No.  1,  pp.  27-31).  (In  Russian).  The 
author  describes  a  method  of  producing  chromium-molybdenum- 
aluminium  steel  in  basic  electric  furnaces  utilising  the  works'  own 
scrap  containing  carbon  0-36-0-42%,  chromium  1-4%,  molybdenum 
0-3-0-5%  and  aluminium  1-0%.  IVeliminary  experiments  in  which 
the  scrap  was  first  melted  in  an  acid  electric  furnace  and  then 
mixed  with  a  charge  in  a  basic  electric  furnace,  proved  unsuccessful. 
In  the  method  developed,  the  scrap  was  mixed  with  30%  of  low- 
carbon  iron  or  mild  steel  and  melted  down  in  a  basic  electric  fur- 
nace, no  lime  being  added.  A  fluid  slag  comprising  1*5-2%  of  the 
melt  was  formed  by  oxidation  of  the  constituents  of  the  charge 
and  by  some  attack  on  the  refractory  lining ;  this  slag  contained 
lime  10-35%,  siUca  15-39%,  magnesia  9-29%,  alumina  25-42%, 
ferrous  oxide  1-5-7%,  manganous  oxide  3-12%  and  chromic  oxide 
2-7%.  The  composition  of  the  metal  after  melting  was  :  Carbon 
0-30-0-40%,  manganese  0-2O-0-35%,  chromium  0-8a-l-10%,  molyb- 
denum  0-25-0-40%,  aluminium  0-15-O-30%  and  siHcon  0-05-0-25%. 
The  slag  was  removed,  but  a  Uttle  was  left  to  protect  the  metal, 
and  deoxidation  was  effected  by  adding  either  coke  or,  better  stUl, 
charcoal  and  lime  mixed  with  small  amounts  of  ferro-sihcon.  The 
refining  slags  contained  lime  48-65%,  siUca  12-26%,  magnesia 
10-30%,  alumina  3-15%,  ferrous  oxide  0-3-l-2%,  manganous  oxide 
0-12-0-42%,  and  chromic  oxide  0-0-8%.  The  alumina  content 
favoured  rapid  deoxidation  of  the  refining  slag.  The  necessary 
amounts  of  ferro-chromium  and  ferro-molybdenum  were  added  at 
the  beginning  of  the  refining  period.  The  steel  was  tapped  into  a 
ladle  to  which  the  required  amount  of  aluminium  had  been  added. 
The  results  of  the  examination  of  the  microstructure  and  of 
mechanical  tests  are  discussed;  these  results  were  very  uniform 
and  in  some  cases  the  steel  obtained  from  chflurges  which  included 
the  works  own  scrap  was  superior  to  that  obtained  from  charges 
with  no  scrap,  and  it  satidied  the  technical  specifications.    In 
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subsequent  experimental  heats  it  was  shown  that  the  self-forming 
slag  (i.e.,  slag  formed  without  the  addition  of  fluxing  agents)  could 
be  used  for  refining  and  deoxidising  purposes.  By  eliminating  the 
need  for  forming  a  second  refining  slag,  the  time  for  remelting  was 
shortened  by  1  hr.,  or  16%.  In  conclusion,  the  results  of  micro- 
scopical examinations  of  the  cast  and  of  the  rolled  steel  are  dis- 
cussed. The  number  of  non-metallic  inclusions  in  the  steel  refined 
under  a  second  slag  was  about  the  same  as  in  that  refined  under  a 
self-forming  slag,  but  sulphide  inclusions  predominated  in  the 
latter.  In  the  rolled  steel  the  distribution  and  shape  of  the  non- 
metallic  inclusions  caused  less  ferrite  banding  in  the  steel  produced 
with  works  scrap  in  the  charge  than  in  that  for  which  no  scrap 
was  used. 

The  Problem  of  the  Large  Ingot  at  the  Knznetsldy  Metallurgical 
Works.  I.  Demko.  (Stal,  1939,  No.  12,  pp.  39-45).  (In  Russian). 
For  a  number  of  technical  reasons  the  sizes  of  the  ingots  cast  at 
the  Kuznetskiy  Works  are  limited  to  a  minimum  of  6-33  tons  with 
wide-end-up  moulds  with  feeder-heads,  and  3-15  tons  with  wide- 
end-down  moulds  without  feeder  heads.  An  extensive  study  of 
the  problem  of  obtaining  sound  ingots  of  such  large  size  had  to  be 
made.  The  large  amount  of  evidence  as  to  the  structure  of  ingots 
obtained  under  different  conditions  is  sunmiarised  and  explanations 
of  the  observed  facts  are  advanced  as  a  preliminary  to  a  practical 
solution.  In  wide-end-down  ingots  piping  and  porosity  were  very 
marked  and  did  not  weld  up  during  rolling,  even  though  the  access 
of  air  to  the  surfaces  concerned  had  been  prevented.  This,  it  was 
shown,  was  due  to  the  presence  of  a  coating  of  a  slag  of  oxides 
originating  from  the  molten  metal  and  not  to  a  residue  of  the 
furnace  slag.  On  changing  over  to  wide-end-up  moulds,  a  number 
of  difficulties  were  encountered  in  connection  with  the  behaviour 
of  the  mould  bottoms  and  with  refractory  feeding-head  scrap  getting 
into  the  soaking  pits.  While  piping  could  be  ehminated,  shrinkage 
porosity  continued  to  be  troublesome.  Sectioned  ingots  exhibited 
the  following  four  zones :  (1)  A  contaminated  feeder-head  zone ; 
(2)  a  zone  of  sound  metal ;  (3)  an  unsound  zone  showing  segregation 
and  shrinkage  pores ;  and  (4)  a  zone  of  sound  metal  at  the  bottom 
amoimting  to  60-60%  of  the  whole.  It  is  pointed  out,  incidentally, 
that  the  ingots  obtained  were  not  worse  than  those  claimed  as 
satisfactory  by  Gathmann  (see  Blast  Furnace  and  Steel  Plant,  1937, 
vol.  25,  Feb.,  p.  204),  but  the  requirements  and  the  method  of 
inspection  (by  making  sulphur  prints  of  finely  ground  surfaces) 
were  more  stringent  at  the  Soviet  works.  A  mechanism  which 
would  explain  the  above  structural  features  of  the  ingots  is 
suggested  for  the  solidification  process.  This  involves  essentially 
the  formation  of  the  zone  of  columnar  cr3rstals  growing  from  the 
mould  walls  into  th#  interior  and  the  precipitation  from  the  liquid 
phase  of  austenite  solid-solution  crystals.  These  sink  to  the  bottom 
of  the  square  ingots,  forming  a  heap  having  the  shape  of  a  truncated 
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pyramid.  The  thickness  of  the  zone  of  columnar  crystals  increases 
with  the  distance  from  the  bottom  of  the  ingot,  reaching  a  maximum. 
The  formation  of  the  intermediate,  third  zone  of  unsoundness  is 
explained  by  movement  and  constraint  imposed  on  the  residual 
melt  by  the  two  structural  formations  referred  to.  The  effect  on 
the  above  mechanism  of  a  change  in  pouring  temperature  is  indi- 
cated. The  observations  made  on  a  large  number  of  ingots  and 
their  interpretation  lead  the  author  to  make  a  number  of  suggestions 
regarding  mould  design. 

The  Axial  Heterogeneity  in  Ingots  of  Carbon  SteeL  F.  Khablak. 
(Stal,  1939,  No.  10-11,  pp.  68-74).  (In  Russian).  Large  white 
spots  were  noticed  near  the  centre  in  sulphur  prints  of  cross-sections 
of  75-mm.  square  ingots  of  0'5&-0-65%  carbon  steel.  In  the  absence 
of  any  data  in  the  literature  regarding  the  nature  of  these  spots  an 
investigation  was  carried  out  which  showed  that  they  corresponded 
to  regions  low  in  segregating  constituents — in  particular  sulphur 
and  carbon  and,  to  a  lesser  extent,  phosphorus.  It  was  further 
established  that  the  white  spots  occurred  only  along  the  axis  of 
the  rolled  product  and  might  be  situated  at  various  distances  from 
the  top  end.  Observations  on  different  steels  showed  that  the 
more  pronounced  the  minor  segregation  and  the  higher  the  carbon 
content,  the  larger  and  more  distinct  were  the  white  spots  in  the 
sulphur  prints.  Heat  treatment  had  no  effect  on  the  macrostruc- 
ture  of  the  spots.  The  mechanical  properties  of  the  steel  in  the 
region  of  the  spots  were  about  the  same  as  those  of  steel  from 
other  parts  of  the  ingot,  the  impact  strength  in  some  cases  being 
actually  higher,  whilst  the  ductility  (as  measured  by  the  elongation 
and  reduction  of  area)  was  generally  lower.  The  latter  fact  may, 
however,  be  connected  with  specific  structural  defects  in  the  axial 
region.  Axial  heterogeneity  was  studied  in  a  number  of  experi- 
mental, bottom-poured  ingots  from  two  heats  of  0*47%  and 
0-68%  carbon  steel  respectively.  Ingots  were  poured  in  both  wide- 
end-up  and  wide-end-down  moulds.  Ingots  were  sectioned  and 
their  axial  heterogeneity  was  examined,  whilst  others  were  examined 
after  rolling  down  to  65  mm.  square.  In  sections  cut  from  ingots 
poured  in  wide-end-down  moulds  white  spots  were  found  to  extend 
from  the  top  for  three-fifths  of  its  length.  In  ingots  from  wide- 
end-up  moulds  no  white  spots  could  b^  foimd.  "Die  experiments 
also  confirmed  the  superiority  of  wide-end-up  moulds  from  the  point 
of  view  of  the  depth  of  the  shrinkage  cavity.  Segregation  was 
also  studied  by  making  chemical  analyses  of  samples  from  different 
parts  of  the  ingot.  In  general  it  was  found  to  be  sUght.  It  is  sug- 
gested that  the  formation  of  the  white  spots  in  deeply  piped  ingots 
may  be  accounted  for  by  the  residual  melt  accumulating  near  the 
bottom  of  the  cavity,  leaving  the  dendrites  in  the  upper  part  more 
free  from  segregates  and  more  reculy  to  weld  up  during  rolling. 
Some  decarburisation  of  these  dendrites  may  also  occur  in  closed 
shrinkage  cavities  by  the  action  of  hydrogen  evolved  in  such  cavities. 
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Designs  Device  for  Producing  Partial  Vacuum  in  Ingot  Moulds. 

(Steel,  1941,  vol.  108,  Jan.  20,  p.  82).  An  illustrated  description  is 
given  of  a  device  for  assisting  the  removal  of  gases  from  ingot 
moulds  as  they  are  being  filled.  The  device  consists  of  a  flat  steel 
box  attached  to  the  underneath  of  the  ladle,  so  constructed  that  it 
fits  tightly  round  the  edges  of  the  upper  end  of  the  ingot  mould. 
A  tube,  rectangular  in  section  and  protected  by  firebricks,  passes 
horizontally  through  the  box ;  one  end  of  this  tube  is  connected 
to  a  small  blower  and  the  exhaust  end  is  trumpet-shaped.  A 
venturi  nozzle  is  constructed  through  the  lower  wall  of  this  tube 
to  form  a  passage  for  the  gases  which  are  drawn  out  of  the  mould 
by  the  action  of  the  air  blown  through  the  tube. 


FORGING,  STAMPING  AND  DRAWING 


(Continued  £rom  p.  124  a) 

Some  Typical  Shell  Forging  Methods.  F.  G.  Schranz.  (Steel, 
1941,  vol.  108,  Jan.  13,  pp.  48-52).  The  author  describes  some  of 
the  latest  t3rpes  of  hydraulic  machines  for  piercing  and  forging 
billets  to  make  shells  and  presents  some  data  on  the  quantity  of 
water  and  the  pumping  capacity  required  to  operate  a  given 
number  of  these  machines. 

Shell  Forging  by  the  Upset  Method.  W.  W.  Criley.  (Iron  Age, 
1941,  vol.  147,  Jan.  16,  pp.  25-28).  A  description  is  given  of  the 
upset  forging  machine  and  process  developed  by  an  American 
company  for  producing  shells  up  to  5  in.  in  dia.  In  this  process 
the  shell  is  made  from  the  billet  in  five  operations,  the  last  four  of 
which  pierce  the  billet  without  increasing  its  length.  It  is  stated 
that  a  gang  of  six  or  seven  men  operating  one  of  these  machines 
can  produce  an  average  of  70  shells  75  mm.  in  dia.  per  hr.  The 
interior  of  the  shell  in  the  as-forged  state  does  not  require  any 
machining. 

Notes  on  Cold  Trimming  Drop  Forgings.  J.  R.  Thain.  (Heat 
Treating  and  Forging,  1940,  vol.  26,  Nov.,  pp.  531-533).  The 
author  discusses  some  factors  affecting  the  pressure  required  for 
the  trimming  of  drop  forgings  in  the  cold  state.  The  most  important 
factor  is  the  clearance  or  the  distance  between  the  punch  and  the 
trimmer  blades  when  the  pimch  is  entering  the  die  centrally. 
Opinions  differ  as  to  the  correct  amoimt  of  clearance ;  some  main- 
tain that  the  total  clearance  should  be  10%  of  the  flash  thickness, 
for  mild  steel,  12%  for  medium  carbon  steels  and  5%  for  brass. 
Another  view  is  that  the  clearance  should  be  related  to  the  ductility 
of  the  metal  as  shown  by  the  reduction  of  area  in  a  tensile  test,  or 
to  the  percentage  reduction  in  thickness  before  failing  in  shear. 

Die  Design.  W.  G.  Kifer.  (Iron  Age,  1941,  vol.  147,  Jan.  9, 
pp.  37-39).    The  author  defines  a  number  of  terms  used  in  die 
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manufacture  and  makes  some  recommendations  on  the  design  of 
dies.  He  also  gives  some  particulars  of  a  special  die  steel  which 
has  been  developed.  This  is  known  as  "  Graphitic  Steel."  This 
material  contains  1*60%  of  total  carbon  and  three  types  for  three 
different  applications  are  made.  These  are  "  Graph-Sil "  which 
can  be  water-quenched,  "  Graph-Mo "  for  oil-quenching  and 
"  Graph-Timg  "  for  making  coins. 

Now  Tubing  is  Shaped,  Strengthened,  Hardened  in  One  Operation 
by  New  Fonning  Process.  (Steel,  1940,  vol.  107,  Dec.  30,  pp.  40-43, 
56).  An  illustrated  description  is  given  of  a  new  type  of  tube- 
forming  machine.  The  machine  consists  essentially  of  three  heads 
moimted  on  a  long  horizontal  bed.  One  head  revolves  the  tube  to 
be  processed;  the  second  head  holds  two  forming  wheels  which 
bear  on  the  outside  of  the  tube  at  diametrically  opposite  points ; 
the  third  is  hydraulically  controlled  and  is  used  to  exert  pressure 
or  tension  on  the  tube  according  to  whether  it  is  desired  to  increase 
or  decrease  the  wall  thickness.  The  machine  illustrated  is 
capable  of  forming  a  tube  20  ft.  long  x  8  in.  in  dia.  Such 
a  tube  can,  for  example,  be  reduced  to  2  in.  in  dia.  with  the  waU 
increased  in  thickness  from  No.  8  gauge  to  ^  in.  Several  changes 
in  the  diameter  and  wall  thickness  can  be  made  along  the  length  of 
the  same  tube  within  the  limits  of  cold- work  of  the  material. 

Tube  Shaping.  D.  James.  (Iron  Age,  1940,  vol.  146,  Dec.  26, 
pp.  31-34).  The  author  describes  the  development  of  the  Dewey 
process  of  tube  forming.  This  is  the  process  described  in  the 
preceding  abstract. 

The  Origin  of  Oanges  for  Wire,  Sheets  and  Strip.  H.  W. 
Dickinson  and  H.  Rogers.  (Newcomen  Society  :  Engineering,  1941, 
vol.  161,  Jan.  24,  p.  76 ;  Jan.  31,  pp.  86-86).  In  the  first  part  of 
their  paper  the  authors  state  that  wire-drawing  in  the  true  sense 
of  the  word,  t.e.,  drawing  a  rod  of  metal  through  successively 
smaller  holes  in  a  tempered  steel  plate,  called  a  "  wortle,"  dates 
back  certainly  to  the  fourteenth  century,  and  probably  earlier. 
They  refer  to  some  old  descriptions  of  the  wortle  and  review  its 
development  to  the  modem  gauge.  They  also  deal  briefly  with 
the  introduction  of  an  adjustable  thickness  gauge  known  in  the 
mill  as  a  ''  catchem,"  which  became  necessary  as  thmner  and  thinner 
sheets  were  required.  In  the  second  part  of  their  paper  the  authors 
review  the  attempts  to  standardise  gauges  made  in  Great  Britain, 
France  and  the  United  States  during  the  nineteenth  century. 


ROLLING-MILL  PRACTICE 


(Continued  from  pp.  124  A-125  a) 

BoU  More  Tons.  A.  E.  Lendl.  (Iron  and  Steel,  1941,  vol.  14, 
Jan.,  pp.  146-150).  The  author  emphasises  the  bad  effect  of  side 
work  on  the  lateral  surfitoeB  of  the  grooves  in  roUs  used  for  roUing 
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angles.  He  considers  formulae  which  the  roll  designer  can  use  to 
calculate  the  free  lateral  spread  from  which  the  amount  of  prevent- 
able lateral  spread  can  be  deduced.  Some  experimental  work  is 
described  which  proved  that  Ekelund's  formula  produced  the  best 
results,  and  an  instance  is  quoted  where  the  adoption  of  a  design 
obtained  by  this  formula  led  to  eight  times  as  many  tons  of  angles 
being  rolled  between  two  roll  dressings. 

Medium  Sheet  Mill  at  the  ZaponMshstal  Works.  F.  Panasenko. 
(Stal,  1939,  No.  12,  pp.  32-39).  (In  Russian).  The  new  sheet  mill 
at  the  Zaporozhstal  Works  consists  of  one  two-high  stand  and  one 
three-high  Lauth  stand  placed  28-6  m.  apart  in  tandem.  A  descrip- 
tion is  given  of  the  slab-preheating  furnaces  and  of  the  roller  con- 
veyors connecting  the  various  units  of  the  mill.  The  mechanism 
for  counter-balancing  the  upper  roll  of  the  three-high  mill  is  referred 
to  as  a  special  feature.  In  the  two-high  mill  the  slabs  are  cross- 
rolled — ^the  length  of  the  slab  forming  the  width  of  the  sheet. 
Reduction  is  from  100-250  mm.  to  20-^  mm.  in  15-19  pa498e8. 
Details  are  given  of  the  loads  on  the  motor  (the  nominal  current 
rating  is  4250  amp.  with  permissible  overloads  of  210-220%).  In 
the  three-high  mill  reduction  is  from  20-^  mm.  to  6-25  mm. 
The  width  of  sheet  rolled  is  from  1-4  to  2-0  m.  The  maximum 
length  of  sheets  is  16  m.  In  conclusion,  some  details  are  given 
regarding  the  quaHty  of  the  output  for  several  types  of  steels 
rolled. 

Continental  Steel  Corporation  Puts  New  Sheet  Mill  on  Production. 

R.  J.  Leckrone.  (Blast  Furnace  and  Steel  Plant,  1940,  vol.  28, 
Dec,  pp.  1189-1190).  The  author  describes  and  illustrates  a  three- 
high  sheet  mUl  recently  installed  at  the  works  of  the  Continental 
Steel  Corporation,  Kokomo,  Indiana.  This  mill  will  take  sheet 
bars  up  to  f  in.  in  thickness  and  roll  them  down  to  0-109  in.  in  five 
passes.  The  roll  speed  is  about  30  r.p.m.  and  only  the  bottom  roll 
is  power-driven. 

Bethlehem  Enlarges  Continuous  Pipe  Mill  at  Sparrows  Point 

(Industrial  Heating,  1940,  vol.  7,  Dec,  pp.  1186-1188).  A  brief 
illustrated  description  is  given  of  the  tube  mill  and  skelp  heating 
furnace  recently  installed  at  the  Maryland  works  of  the  Bethlehem 
Steel  Co.     (See  Journ.  I.  and  S.I.,  1940,  No.  II.,  p.  146  a). 


PYROMETRY 

(Continued  from  p.  11a) 

A  High  Sensitivity  Radiation  Pyrometer.  N.  E.  Dobbins,  K.  V. 
Gee  and  W.  J.  Rees.  (Refractories  Journal,  1941,  vol.  17,  Jan., 
pp.  11-14).  This  is  a  reproduction  of  a  paper  which  appeared  in 
the  Transactions  of  the  British  Ceramic  Society,  1940,  vol.  39,  Aug., 
pp.  253-257,  describing  a  photo-electric  pyrometer.    (See  p.  11  A). 
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Temperatare  Measurement.  I.  Samuels.  (Metals  Treatment 
Society  of  New  South  Wales  :  Australasian  Engineer,  1940,  vol.  40, 
No.  7,  pp.  86-89).  The  author  explains  the  principles  applied  for 
the  measurement  of  temperatures  in  liquid-expansion  thermo- 
meters, mercury-in-steel  and  vapour-pressure  thermometers,  elec- 
trical-resistance and  thermo-electric  pyrometers,  and  optical  and 
radiation  pyrometers.  Several  diagrams  of  connections  and  of 
methods  of  mounting  thermocouple  sheaths  are  presented,  and  the 
author  concludes  with  some  notes  on  the  installation  of  industrial 
pyrometers. 


HEAT  TREATMENT 


(Continued  from  pp.  125  A-127  a) 

Saturation  of  Iron-Carbon  Alloys  with  BerylliunL  I.  E.  Konto- 
rovich  and  M.  Ya.  LVovskiy.  (Vestnik  Metallopromyshlennosti, 
1939,  No.  12,  pp.  64-70).  (In  Russian).  The  surfaces  of  a  number  of 
plain  carbon  steels  (carbon  0-02-l-68%)  and  of  three  cast  irons  (total 
carbon  2-81%,  3-58%  and  4-05%)  were  cemented  with  beryllium 
by  heating  specimens  at  1000°  C.  for  10  hr.  in  a  powder  containing 
96%  of  beryllium  to  which  had  been  added  6-10%  of  beryllium 
oxide.  The  layers  formed  were  examined  microscopically  and  by 
X-rays,  and  their  hardness  and  chemical  stabihty  were  studied. 
Surface  layers  on  high-carbon  iron  alloys  developed  a  hardness  up 
to  2000  Vickers  units.  These  layers  consisted  of  (a)  an  outer 
zone  of  extremely  hard  columnar  crystals  of  beryllium  carbide 
(BcsC)  orientated  perpendicularly  to  the  surface,  and  (6)  a  neighbour- 
ing zone  consisting  of  a  saturated  solution  of  beryUium  in  a-iron 
and  of  particles  of  iron  berylHde.  This  zone  was  up  to  1  mm. 
thick.  The  thickness  and  hardness  of  the  first  zone  increased  with 
increasing  carbon  content  of  the  iron  or  steel.  The  formation  of 
the  first  zone  interfered  with  the  formation  of  the  second  zone. 
Unfortunately,  from  the  point  of  view  of  practical  appUcations  of 
this  process  of  surface  hardening,  it  was  found  that  the  surface 
zone  consisting  of  beryllium  carbide  was  slowly  decomposed  by 
atmospheric  moisture. 

Production  Methods  for  Case-Hardening.  A.  J.  G.  Smith. 
(Metallurgia,  1941,  vol.  23,  Jan.,  pp.  89-90).  The  author  describes 
an  American  plant  in  which  the  whole  process  of  case-hardening  is 
continuous  and  automatic.  For  carrying  the  work  through  the 
complete  cycle  hght  grid  trays  are  employed,  and  these  are  moved 
through  the  furnace  by  means  of  hydraulic  cylinders  operating  at  a 
pressure  of  500  lb.  per  sq.  in.  Mechanically  controlled  oil  valves 
and  interlocking  pilot  valves,  together  with  interlocking  switches, 
ensure  that  no  fresh  operation  in  the  cycle  can  be  undertaken  until 
the  preceding  one  is  completed.  The  time  cycle  is  controlled  by  an 
1941— i  M 
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electrically  operated  device  which  permits  of  any  desired  time 
interval  being  set  and  maintained.  Either  town  gas  or  natural  gas 
may  be  employed  as  a  carbnrising  medium  as  well  as  for  heating. 

Recent  Developments  in  Oas  Carbuiizing.  The  Hyperearb  Pro- 
cess. A.Darrah.  (American  Chemical  Society,  Symposium  on  Furnace 
Atmospheres  for  Metallurgical  Purposes,  Sept.,  1940).  Gas  Carbozia- 
ing  by  the  Hyperearb  FroCMS.  A.Darrah.  (Industrial  and  Engineer- 
ing Chemistry,  Industrial  Edition,  1941,  vol.  33,  Jan.,  pp.  54-59). 
The  author  describes  the  development  of  the  gas-carburising  pro- 
cess and  the  particular  form  of  treatment  called  the  ''  Hyperearb 
Process."  The  principal  feature  of  this  process  is  that  the  hydro- 
carbon gases  are  specially  treated  before  they  come  into  contact 
with  the  steel.  The  purpose  of  this  treatment  is,  first,  to  activate 
the  atmosphere,  and,  secondly,  to  remove  the  excess  of  carbon 
which  wotdd  otherwise  form  a  deposit  on  the  steel.  In  the  plant 
described,  town  gas,  or  straight  natural  gas,  is  preheated  to  about 
1700°  F.  by  passing  it  over  a  number  of  internally  heated  radiant 
tubes  and  allowing  it  to  rise  into  the  heat-treatment  chamber, 
through  which  it  passes  in  the  opposite  direction  to  that  of  the 
charge. 

Protective  Tinning  in  the  Nitriding  Process.  (Tin  and  Its  Uses, 
1941,  Jan.,  pp.  8-9).  A  brief  description  is  given  of  one  of  the  less 
common  applications  of  the  tinning  process.  In  this  instance  the 
coating  is  applied  to  those  surfaces  of  an  article  which  are  to  be 
left  unhardened  in  a  subsequent  nitriding  treatment.  The  surfaces 
which  are  to  be  nitrided  are  left  untinned  by  coating  them  with  a 
suitable  varnish  or  wax  before  they  are  put  in  the  bath  of  molten 
tin  alloy. 

Local  Hardening.  D.  McPherson.  (Machine  Shop  Magazine, 
1941,  vol.  2,  Feb.,  pp.  94r-99).  The  author  discusses  some  of  the 
disadvantages  of  the  cyaniding  process.  Some  cyanide  hardened  tools 
have  a  dull  or  an  irregular  mottled  appearance,  which  is  usually  a 
matter  of  appearance  that  does  not  affect  the  cutting  properties. 
This  the  author  has  found  to  be  intimately  associated  with  the 
presence  of  a  nickel  impurity  in  the  bath.  Experiments  were  con- 
ducted by  applying  an  external  e.m.f.  to  pieces  of  tool  steel  immersed 
in  a  central  position  in  a  cyanide  bath.  Three  pieces  of  brightly 
polished  high-speed  steel  were  given  identical  treatments,  during 
which  one  was  made  strongly  anodic,  the  second  strongly  cathodic, 
and  the  third  kept  neutral.  Each  was  found  to  be  (Uscoloured, 
the  second  one  being  the  most  marked.  The  first  was  uniformly 
discoloured  with  a  pleasing  grey  matt  finish.  The  precise  ex- 
planation of  this  is  now  being  sought.  A  cyanide  bath  which 
has  ''  aged  "  gives  the  best  pern>rmance.  The  ageing  is  simply  the 
oxidation  of  some  of  the  cyanide,  and  the  process  can  be  accelerated 
by  raising  the  temperature  of  the  bath  to  about  850-9(X)°  C,  but 
it  must  be  allowed  to  cool  before  use  to  about  570°  C.  which  is  the 
optimum  temperature  for  cyaniding.    In  conclusion,  some  examples 
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are  given  of  the  increased  performance  of  high-speed  steel  tools 
obtained  as  a  result  of  cyaniding. 

Frodadng  Annealing  Atmospheres  bom  the  Products  of  Combus- 
tion of  ChEUseons  Fads.  A.  G.  Hotchkiss.  (American  Chemical  Society 
Symposium  on  Furnace  Atmospheres  for  Metallurgical  Purposes 
Sept.,  1940).  Annealing  Atmospheres  from  the  Combostion  Pro- 
ducts of  Gaseous  Fuels.  A.  6.  Hotchkiss.  (Industrial  and  Engineer 
ing  Chemistry,  Industrial  Edition,  1941,  vol.  33,  Jan.,  pp.  32-38) 
The  author  traces  briefly  the  development  of  equipment  for  pro 
ducing  annealing-furnace  atmospheres  from  the  products  of  com 
bustion  of  gaseous  fuels.  He  describes  and  illustrates  a  gas  con 
verter  with  a  capacity  of  2000  cu.  ft.  per  hr.  suitable  for  town  gas 
natural  gas,  propane,  butane  and  cracked  ammonia.  This  con 
verter  is  equipped  with  indicating  flow-meters  for  gas  and  air,  an 
automatic  fuel-air  proportioning  mixer,  burner,  water-cooled  com- 
bustion chamber,  condenser,  water  separator  and  condensate  trap. 
He  presents  combustion  data  for  various  gaseous  fuels  and  explains 
methods  of  calculating  the  correct  atmosphere  compositions  for 
various  purposes. 

Chemical  Equilibrium  and  the  Control  of  Furnace  Atmospheres — 
A  Review  of  Equilibrium  Data.  J.  B.  Austin  and  M.  J.  Day. 
(American  Chemical  Society,  Symposium  on  Furnace  Atmospheres 
for  Metallurgical  Purposes,  Sept.,  1940 :  Industrial  and  Engineering 
Chemistry,  Industrial  Edition,  1941,  vol.  33,  Jan.,  pp.  23-31).  The 
concept  of  equilibrium  and  the  properties  of  the  equilibrium  con- 
stant, particularly  its  significance  in  relation  to  the  control  of 
conditional  atmospheres  in  metallurgical  furnaces,  are  described 
and  illustrated  by  typical  reactions  for  iron  and  steel.  The  equi- 
librium constants  for  the  reactions : 

Fe  -f  H,0      =  FeO  +  H, 
Fe  +  CO,       =  FeO  -f  CO 
CO  -f  HjO     =  CO,  -f  H, 
CO,  -f  C         =  2C0 
CH.  =  C  -f  2H, 

Fe,C  -f  CO,  =  3Fe  -f  2CO 
Fe,C  -f  2H,  =  CH4  +  3Fe 

are  critically  reviewed,  and  selected  values  are  given. 

Protective  Atmospheres  for  Hardening  SteeL  J.  R.  Gier. 
(American  Chemical  Society,  Symposium  on  Furnace  Atmospheres 
for  Metallurgical  Purposes,  Sept.,  1940 :  Industrial  and  Engineering 
Chemistry,  Industrial  Edition,  1941,  vol.  33,  Jan.,  pp.  38-41).  The 
author  explains  that  the  properties  required  of  a  heat-treatment 
furnace  atmosphere  are  that  it  shall  not  form  scale  or  damage  the 
surface  of  the  steel  under  treatment  and  that  it  shall  not  affect  the 
carbon  content  of  the  surface  layer  of  the  steel.  He  discusses 
the  composition  of  and  methods  of  producing  gases  that  comply  with 
these  requirements  with  particular  reference  to  "  endogas  controlled 
atmosphere,"  which  is  sufficiently  low  in  price  to  be  used  in  large 
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continuous  furnaces  as  well  as  in  small  tool-room  furnaces.  This 
atmosphere  can  also  be  used  for  the  bright-hardening  of  steel  of 
any  carbon  content  in  any  temperature  range.  It  is  produced  by 
the  endothermic  reaction  of  air  with  hydrocarbon  gases  in  a  special 
generator  containing  an  electrically  heated  catalyst ;  with  this 
technique,  the  completeness  of  the  reactions  obtained  produces  a 
mixture  the  components  of  which  are  in  chemical  equiUbrium  and 
are  present  in  amounts  which  can  be  accurately  controlled.  This 
condition  enables  the  carbon  pressure  of  the  gas  mixture  to  be  readily 
adjusted  to  balance  the  carbon  in  any  steel.  The  gas  is  formed  in 
a  single-stage  process  and  is  delivered  directly  from  the  generator 
to  the  furnace ;  no  intermediate  drying  or  scrubbing  to  remove 
carbon  dioxide  is  necessary.  An'  account  is  given  of  some  laboratory 
experiments  from  which  it  was  evident  that  the  desired  control  of 
the  carbon  pressure  of  the  atmosphere  could  be  attained  by  regulat- 
ing the  proportions  of  gas  and  air  in  the  feed  of  a  suitable  generator. 
''  Endogas "  atmospheres  consist  mainly  of  carbon  monoxide, 
hydrogen  and  nitrogen  with  traces  of  steam,  carbon  dioxide  and 
methane.  A  table  is  presented  of  the  compositions  of  four  "  Endo- 
gas "  atmospheres  which  are  in  equiUbrium  at  1700°  F.  with  steel 
containing  0-20%,  0-64%,  0-94%  and  1-34%  of  carbon  respectively. 
City  Gas  for  Special  Atmospheres.  C.  R.  Cline  and  C.  G.  Segeler. 
(American  Chemical  Society,  Symposium  on  Furnace  Atmospheres 
for  Metallurgical  Purposes,  Sept.,  1940 :  Industrial  and  Engineering 
Chemistry,  Industrial  Edition,  1941,  vol.  33,  Jan.,  pp.  46-64).  The 
authors  review  the  properties  of  the  following  types  of  protective 
atmospheres  for  heat  treatment :  (a)  Purified  partially  burned 
gases ;  (6)  cracked  gas ;  (c)  cracked  Uquid  ammonia ;  (d)  pure 
nitrogen ;  (e)  natural  gas  treated  with  steam  and  air  with  sub- 
sequent removal  of  carbon  dioxide  and  water ;  (/)  cracked  meth- 
anol ;  and  (g)  charcoal  producer  gas.  They  also  describe  how 
natural  gas  and  town  gas  can  be  treated  to  produce  suitable  furnace 
atmospheres,  and  discuss  the  effects  of  variations  in  the  quantity 
of  air  on  the  composition  of  the  products  of  combustion  when 
using  different  gaseous  fuels. 

Modem  Elc^e  Heat-Treatment  Furnaces.  F.  W.  Haywood. 
(Journal  of  the  Birmingham  Metallurgical  Society,  1940,  vol.  20, 
Dec,  pp.  84-101).  After  an  introduction,  in  which  he  outlines  the 
development  of  electric  heat-treatment  furnaces  during  the  last  25 
years,  the  author  briefly  describes  the  furnaces  used  nowadays, 
under  the  following  headings :  Batch-type  furnaces,  foroed-air- 
circulation  furnaces,  continuous  furnaces  and  miscellaneous  fur- 
naces. A  special  chapter  is  devoted  to  bright-annealing  in  which, 
before  reviewing  the  electric  furnaces  using  controlled  atmospheres, 
the  author  deals  with  the  production  and  composition  of  the  more 
frequently  employed  atmospheres. 

Heat  Treatment  of  Tool  Steels.  J.  English.  (Iron  Age,  1940, 
vol.  146,  Dec.  26,  p.  35).    Some  practical  hints  on  the  heat  treat- 
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ment  of  tool  steels  are  giveu.  One  of  these  is  a  simple  method  of 
estimating  the  amount  of  oxygen  in  a  furnace  atmosphere  when 
this  is  between  1%  and  6%.  A  small  block  of  wood  not  exceeding 
}  in.  square  is  placed  on  the  hearth,  the  door  is  closed  and  the  way 
it  bums  is  observed.  If  the  wood  smokes  and  chars  without 
visible  flame,  the  oxygen  content  is  below  1-5%.  If  the  block 
smokes  and  then  shows  intermittent  flashes  of  pale  blue  flame 
then  1^2i%  of  oxygen  is  present.  When  the  flame  from  the 
block  is  about  half  blue  and  half  yellow,  the  oxygen  is  between 
2J%  and  4%.  At  about  6%  of  oxygen  or  more  the  block  will 
bum  steadily  with  a  yellow  flame  and  the  residual  charcoal  will 
glow  all  over. 

Heat  Treatment  of  Alloy  Steels.  J.  M.  Robertson.  (Iron  and 
Ck)al  Trades  Review,  1941,  vol.  142,  Jan.  31,  pp.  117-118).  After 
a  brief  outUne  of  the  theories  put  forward  to  account  for  flake  and 
hair-line  crack  formation  in  steel,  the  author  dwells  in  particular 
on  the  hydrogen  theory  and  compares  this  with  the  thermal-stress 
theory.  It  has  been  calculated  that  0*001%  of  hydrogen  remaining 
in  steel  is  sufficient  to  produce  rupture  at  200°  C.  The  hydrogen 
theory  provides  an  explanation  of  the  observation  that  once  a  bloom 
has  been  made  non-susceptible  by  slow  cooUng,  flakes  cannot  be 
produced  by  later  forging  or  coolii^  treatment.  The  thermal-stress 
theory  would  not  explain  this.  The  hydrogen  theory,  on  the  other 
hand,  does  not  seem  to  account  for  the  way  in  which  the  susceptibihty 
to  flake  formation  varies  from  one  type  of  steel  to  another.  There 
is  no  evidence  that  alloy  steels  contain  more  hydrogen  than  carbon 
steels,  nor  that  the  hydrogen  content  tends  to  increase  with  the 
alloy  content.  The  relation  between  the  hydrogen  which  diffuses 
out  to  the  surface  of  the  metal  and  that  which  diffuses  into  cavities 
is  not  clear.  It  is  supposed  that,  dining  slow  cooling,  the  hydrogen 
escapes  from  the  metal  at  the  surface,  but  to  reach  the  surface  it 
must  pass  the  cavities,  and  it  would  therefore  be  easier  for  it  to 
diffuse  into  the  cavities  than  to  go  to  the  surface.  The  hydrogen 
theory  appears  to  be  more  satisfactory  and  has  been  more  generally 
accepted  than  any  other  theory  relating  to  flakes.  The  thermal- 
stress  theory  has  been  regarded  as  a  rival  to  the  hydrogen  theory, 
but  there  is  no  reason  why  the  two  should  not  be  combined.  When 
this  is  done,  it  is  seen  that  practically  every  aspect  of  the  pheno- 
mena associated  with  flakes  can  be  explained.  The  author  deals 
next  with  hardening  cracks  and  explains  why  these  cracks  are  not 
produced  when  a  steel  part  is  first  immersed  in  the  quenching 
medium,  but  actually  develop  when  the  interior  cools  to  near  room 
temperature  and  the  martensite  change  is  approaching  completion. 
Alloy  steels  are  less  liable  to  develop  hardening  cracks  than  carbon 
steels.  One  reason  for  this  is  that  the  general  run  of  alloy  steels 
contains  less  carbon  than  the  carbon  steels  that  are  heat-treated 
commercially;  this  is  so  because  it  is  possible  to  suppress  the 
normal  changes  in  alloy  steels  of  low  carbon  content  much  more 
easily  than  those  in  plain  carbon  steels  of  similar  carbon  content. 
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WELDING  AND  CUTTING 


(Continued  from  pp.  127  A-129  A) 

Oxy-Aoetylene  Welding  of  Carbon-Molybdeniim  Pipe.    E.  B. 

Seabloom.  (Welding  Engineer,  1940,  vol.  25,  July,  pp.  23-26). 
The  author  discufises  the  suitability  of  molybdenum  steel  for  high- 
pressure  and  high-temperature  applications  and  compares  the 
temperature-expansion  curves  for  a  carbon  steel,  a  molybdenum 
steel  and  a  chromium-molybdenum  steel.  He  also  describes  a 
suitable  technique  for  oxy-acetylene  welding  and  stress-relieving 
thick- walled  tubes  of  molybdenum  steel. 

Welding  of  Carbon-Molybdeniim  Piping  for  High  Temperature- 
High  Pressure  Service.  B.  W.  Emerson.  (Welding  Journal,  1941, 
vol.  19,  Oct.,  pp.  366-S-376-S).  The  author  reports  on  an  inves- 
tigation of  the  welding  characteristics  of  a  low-carbon,  0*5% 
molybdenum  steel,  which  is  the  material  generally  used  in  the 
United  States  for  the  tubes  of  boilers  operating  at  750-1000°  F., 
and  pressures  of  up  to  1800  lb.  per  sq.  in.  The  results  obtained 
led  to  the  following  conclusions  :  (1)  Hardness  readings  and  micro- 
structure  examinations  on  a  single-bead  weld  made  under  con- 
ditions of  severe  cooling  indicated  that  this  steel  had  only  a  slight 
weld-hardening  tendency ;  (2)  the  heat  treatment  of  small  speci- 
mens in  a  laboratory  confirmed  conclusion  (1),  for,  in  order  to 
cause  severe  hardening,  it  was  necessary  to  quench  the  specimens 
in  water  from  1925°  F.  Quenching  in  water  from  as  high  a  tem- 
perature as  1650°  F.  failed  to  produce  excessive  hardening ;  (3)  of 
preheating  and  stress-reUeving  had  a  readily  noticeable  effect  on 
the  elongation  before  failure  in  free  bending,  but  such  treatment 
had  little,  if  any,  effect  on  the  tensile-test  results;  (4)  both 
hardness  tests  and  microscopic  examination  of  a  multi-pass 
weld  in  a  tube  6|  in.  in  outside  dia.  by  0*432  in.  thick  which 
was  neither  preheated  nor  stress-relieved  indicated  a  structure 
similar  to  that  of  air-cooled  heat-treated  specimens ;  and  (5)  the 
design  of  joints  in  high-pressure  tubes  of  this  steel  must  be  such 
that  proper  fusion  is  obtained  in  the  root  of  the  weld,  and  the 
angle  of  the  V  groove  must  be  sufficiently  large  to  prevent  excessive 
undercutting  of  the  walls. 

Atomic  Hydrogen  Welding  in  Aircraft  Production.  B.  Smallman- 
Tew.  (Transactions  of  the  Institute  of  Welding,  1941,  vol.  4,  Jan., 
pp.  22-28).  The  author  discusses  the  factors  affecting  the  applica- 
tion of  atomic-hydrogen  welding  in  the  production  of  aircraft. 
There  are  at  present  certain  forgings  which  the  aircraft  manufac- 
turer obtains  from  a  stamping  firm,  which  is  in  turn  dependent  on 
the  steel  supplier,  and  a  third  party  may  even  be  concerned  in  the 
machining  of  the  forging.  If  such  a  component  could  be  made  by 
the  welding  of  pressed  blanks,  such  a  process  would  be  of  great 
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value  in  war  time.  In  the  manufacture  of  a  prototjrpe  aircraft 
the  cost  of  making  forging  dies  to  produce  only  a  few  components 
is  a  very  high  charge,  so  that,  if  welding  can  be  applied  instead  of 
forging,  considerable  economies  could  be  effected.  The  theory  and 
practice  of  atomic-hydrogen  welding  are  described  in  the  present 
paper  and  its  advantages  as  compared  with  oxy-acetylene  and  arc 
welding  processes  for  aircraft  components  are  pointed  out.  The 
question  whether  a  part  is  to  be  designed  as  a  welded  component, 
or  as  a  replica  of  the  forging  it  is  to  replace,  is  dealt  with.  In 
conclusion,  a  detailed  description  of  the  various  stages  in  the 
production  of  spar  wing  root  attachment  fittings  is  given. 

The  Arc  Welding  of  High  Tensile  Alloy  Steels.  (Transactions 
of  the  Institute  of  Welding,  1941,  vol.  4,  Jan.,  pp.  3-21).  This 
report  covers  the  work  carried  out  for  the  RIS  Sub-Committee 
appointed  in  1938  by  the  Rl  Committee  on  the  Weldability  of 
Ferrous  Metals  appointed  by  the  Institute  of  Welding.  The  JB13 
Sub-Committee  has  investigated  problems  arising  in  the  welding  of 
high-tensile  steels  of  medium  and  high  alloy  content.  The  report 
is  published  in  three  parts,  abstracts  of  which  will  be  found  below. 

The  Arc  Welding  of  High  Tensile  Alloy  Steels.  Part  L  The 
Cracking  Problem  with  Special  Reference  to  Thermal  Characteristics. 
E.  C.  Rollason.  (Transactions  of  the  Institute  of  Welding,  1941, 
vol.  4,  Jan.,  pp.  3-9).  In  the  first  part  of  this  paper  the  author 
discusses  the  general  behaviour  of  alloy  steels  on  cooling  and  how 
this  affects  the  tendency  to  form  cracks  imder  the  thermal  con- 
ditions prevailing  in  welding.  Hd  then  describes  experiments  from 
which  thermal  data  respecting  two  medium  alloy  steels  were 
obtained.  The  steels  in  question  contained  (a)  5-88%  of  chrom- 
ium, 0-36%  of  molybdenum  and  016%  of  carbon,  and  (6)  3-62% 
of  nickel,  0-96%  of  chromium,  0-34%  of  molybdenum  and  0-35% 
of  carbon.  It  was  found  that  the  brittle  constituents,  in  which 
cracks  usually  occur  on  welding,  formed  in  the  range  200-140°  C. 
in  steel  (6),  and  in  the  range  360-250°  C.  in  steel  (a).  A  number 
of  welding  tests  using  these  two  steels  are  described,  and  the 
benefit  of  preheating  is  illustrated  by  the  results  obtained.  In 
conclusion,  the  design  of  joints,  welding  technique  and  modifications 
of  the  composition  of  the  steel  to  be  welded  are  discussed. 

The  Arc  Welding  of  High  Tensile  Alloy  Steels.  Part  XL  Base 
Hetal  Cracking.  E.  C.  Rollason  and  A.  H.  Cottrell.  (Transactions 
of  the  Institute  of  Welding,  1941,  vol.  4,  Jan.,  pp.  9-16).  The 
authors  carried  out  a  number  of  welding  tests  on  a  nickel-chromium- 
molybdenum  steel  and  a  6%  chromium,  0-35%  molybdenum  steel, 
using  high-tensile  and  special  18/8  austenitic  steel  electrodes.  The 
conclusions  reached  from  the  data  obtained  were  as  follows  :  (1)  The 
cracking  temperature  is  not  identical  with  the  temperature  of  the 
martensite  formation,  the  former  usually  being  about  40-70°  C, 
whilst  the  latter  is  in  the  region  270-210°  C.  lie  transverse  stress 
required  to  produce  cracking  is  of  the  order  of  60  tons  per  sq.  in. 
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(2)  All  welds  creep  under  the  contraction  stresses  and  this  creep 
finishes  at  about  250°  C.  Preheating  reduces  the  effect  of  this 
creep,  but  if  austenitic  steel  electrodes  are  used  there  is  much  less 
creep  than  usual.  (3)  Preheating  reduces  the  cooling  rate  of  the 
weld  region  and  this  alone  is  sufficient  to  prevent  cracking.  It  is 
thought  that  this  delayed  cooling  causes  the  martensite  to  be 
tempered  and  toughened  without  loss  in  hardness.  (4)  Cracks  in 
the  base  metal  are  usually  preceded  by  small  cracks  near  the  weld 
interface  and  this  is  the  region  most  susceptible  to  cracking. 
(5)  Two  possible  reasons  why  no  cracks  form  when  austenitic  steel 
electrodes  are  used  are :  (a)  Cracking  is  prevented  by  localised 
creeping  and  stress-relieving  in  the  weld  at  relatively  low  tem- 
peratures ;  and  (6)  the  production  of  suitable  austenitic  material 
in  the  region  of  the  martensite  adjacent  to  the  weld  toughens  it 
sufficiently  to  prevent  cracking.  (6)  Poor  root  penetration  of  the 
weld  metal  is  liable  to  create  a  notch  effect  which  can  initiate  a 
crack. 

Arc  Welding  of  High  Tensile  Alloy  Steels.  Part  IIL  The  Effect 
of  Delayed  Ck>oling  on  Properties  of  Martensite,  and  a  Magnetic 
Test  for  Determining  the  Transformation  Temperatnie.  A.  H. 
Cottrell,  K.  Winterton  and  P.  D.  Crowther.  (Transactions  of  the 
Institute  of  Welding,  1941,  vol.  4,  Jan.,  pp.  17-21).  The  authors 
describe  a  series  of  tests  on  specimens  of  three  types  of  steel  the 
object  of  which  was  to  ascertain  whether  delayed  cooling  makes  a 
steel  more  resistant  to  cracking  by  increasing  its  toughness.  Three 
types  of  steel  were  tested,  the  compositions  of  which  were  : 


Carbon.     % 0-36 

Nickel.     %       .  .  .  .  . 

Chromium.     %  .  .  .  . 

Molybdenimi.     %     . 

The  specimens  were  heated  to  1000°  C.  and  cooled  in  a  stream  of 
cold  air  from  a  fan.  This  cooling  was  interrupted  at  the  particular 
temperature  under  consideration  by  immersing  the  specimens  for 
a  given  time  in  an  oil-bath  held  at  that  temperature,  and  then 
quenching  them  in  water.  After  cleaning,  ths  specimens  were 
tested  in  a  Hounsfield  tensometer  arranged  for  notched-bar  bending 
tests,  and  the  load  was  increased  to  fracture.  The  tests  on  steel  B 
showed  that  the  delayed-cooling  treatment  improved  the  toughness  of 
the  martensitic  structure  and  imparted  to  it  a  capacity  for  plastic 
deformation.  Much  improvement  was  obtained  within  the  first  10 
min.  of  delayed  cooling,  and  a  temperature  of  160*^  C.  appeared  to 
give  the  best  results  for  tempering  times  of  this  order.  Cracking 
was  induced  very  considerably  in  steels  B  and  C  when  delayed- 
cooling  treatments  at  100°  C.  for  10  to  20  min.  were  applied,  and 
cracking  was  entirely  prevented  in  the  case  of  steel  B  when  the 
delay  was  for  10  min.  at  150°  C. 


A. 

B. 

C. 
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The  authors  also  describe  a  magnetic  method  of  testing  which 
they  devised  with  the  object  of  studying  under  actual  welding 
conditions  the  martensite  transformation  in  the  metal  adjacent  to 
the  weld.  These  tests  revealed  that  the  martensitic  changes  in  the 
transformed  zone  of  the  base  plate  occurred  at  temperatures 
between  270°  C.  and  210°  C,  and  that  the  weld-metal  transforma- 
tion occur  at  616°  C.  to  600°  C.  with  the  shielded  arc  electrode. 

Fundamentals  of  Besistanoe  Welding.  R.  S.  Pelton.  (Welding 
Journal,  1941,  vol.  19,  Oct.,  pp.  426-S-432-S).  The  author  describes 
the  theory  and  practice  of  automatic  resistance  spot-welding,  deal- 
ing in  particular  with  methods  of  measuring  the  welding  current, 
the  effects  of  varjdng  the  mechanical  pressure  on  the  electrodes  and 
the  effects  of  different  methods  of  cleaning  the  surfaces  to  be  welded 
on  the  quality  of  the  weld. 

Welding  70,000  TensQe  SteeL  W.  G.  Theisinger.  (Iron  Age, 
1941,  vol.  147,  Jan.  16,  pp.  36,  71).  The  author  explains  some 
of  the  requirements  of  the  boiler  codes  of  the  American  Society  for 
Testing  Materials  and  the  American  Society  of  Mechanical  Engineers, 
and  makes  some  recommendations  regarding  the  procedure  for 
welding  steel  with  a  tensile  strength  of  70,000  lb.  per  sq.  in.  so  that 
the  strength  of  the  joint  will  comply  with  these  codes. 

Review  of  Welding  Procedures  for  Creep-Besistant  Steels.  H. 
Thompson.  (Welding  Engineer,  1940,  vol.  26,  Sept.,  pp.  13-16, 
34).  After  explaining  the  terms  "  creep  "  and  "  creep  strength," 
the  author  discusses  the  welding  of  creep-resisting  molybdenum 
steels.  He  points  out  that  preheating  is  necessary  before  welding 
molybdenum  steels  and  that  200°  F.  is  a  sufficiently  high  preheating 
temperature  when  the  steel  is  under  1  in.  in  thickness,  whilst 
400°  F.  need  not  be  exceeded  for  greater  thicknesses.  When  a 
molybdenum  steel  is  being  used  for  a  pressure  vessel,  it  should  be 
borne  in  mind  that  this  steel  is  not  so  ductile  as  a  carbon  boiler 
steel,  so  that  greater  power  would  be  required  to  drive  the  bending 
rolls  and  chipping  would  take  longer;  on  the  other  hand  there 
would  be  no  difference  in  the  cost  of  deseaming  or  cutting  with  the 
oxy-acetylene  torch. 

Review  of  Recent  Developments  in  Pressure  Vessel  Welding. 
R.  Lattice.  (Welding  Engineer,  1940,  vol.  26,  July,  pp.  17-21). 
After  pointing  out  some  of  the  differences  between  the  API-ASME 
and  the  ASME  codes  for  the  welding  of  pressure  vessels,  the  author 
compares  some  of  the  advantages  and  limitations  of  hand  and 
automatic  welding.  He  describes  three  different  techniques  for 
welding  flanges  on  to  pressure  vessels,  and,  in  conclusion,  discusses 
some  of  the  advantages  of  deseaming  with  an  oxy-acetylene  torch 
instead  of  using  pneumatic  chisels ;  not  the  least  of  these  advantages 
is  the  absence  of  noise. 

Cast  Iron  Electrodes  for  Welding  Oray  Cast  Iron.  6.  S.  Schaller. 
(Welding  Journal,  1940,  vol.  19,  Oct.,  pp.  396-S-^Ol-S).  The  author 
discusses  the  results  obtained  in  the  course  of  a  laboratory  inves- 
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tigation  of  the  efifects  of  different  electrode  coatings  and  current 
strengths  on  the  quality  of  the  welds  produced  when  welding  grey 
cast  iron.  Tests  made  with  low  and  high  heat  inputs  showed  that, 
with  the  former,  the  inclusion  of  gas  in  the  weld  metal  was 
much  more  sensitive  to  the  composition  of  the  coating,  because, 
with  more  heat,  concentrated  gases  and  slag  were  more  rapidly 
liberated  and  fewer  inclusions  were  found.  With  aUgh  heat  input 
a  more  distinct  line  of  fusion  was  noted  and  microscopic  studies 
showed  that  free  graphite  was  plentiful  in  this  region.  With  less 
heat,  on  the  other  hand,  the  fusion  zone  was  narrower,  whilst  the 
change  in  size  and  shape  of  the  graphite  flakes  was  more  abrupt. 
The  quality  of  the  welds  produced  using  many  different  composi- 
tions of  coating  is  shown  in  a  comprehensive  table.  The  inves- 
tigation demonstrated  that  coated  cast-iron  electrodes  which  will 
produce  sound  machinable  welds  can  be  developed. 

Defects  in  Weld  Metal  and  Hydrogen  in  SteeL    C.  A.  Zapfife  and 
C.  E.  Sims.    (Welding  Journal,  1941,  vol.  19,  Oct.,  pp.  377-S- 
394-S).    The  authors  first  discuss  the  purely  metallurgical  aspects 
of  hydrogen  in  steel  and  then  describe  many  experiments  which 
demonstrate  the  relation  of  hydrogen  to  defects  in  welds,  as  well  as 
the  influence  of  temperature,  time  and  thickness  of  metal  on  the 
rate  of  hydrogen  removal.    The  general  conclusions  reached  by  the 
authors  were :    (1)  The  efifects  of  hydrogen  on  weld  metal  are 
insufficiently  understood  by  welders,  and  they  are  very  important, 
because  hydrogen  is  frequently  a  constituent  of  the  atmosphere 
surrounding  a  weld  while  it  is  being  made ;   (2)  hydrogen  dissolves 
in  steel  only  in  the  atomic  state,  but  on  coming  out  of  solution  it 
collects  in  molecular  form  under  tremendous  pressure  at  discon- 
tinuities in  the  steel ;  (3)  the  solubiUty  of  hydrogen  in  steel  decreases 
several  thousand-fold  as  the  temperature  falls  from  the  melting  point 
to  room  temperature.    Below  400®  C.  the  amount  in  true  solution 
becomes  immeasurably  small.    The  solubility  varies  with  the  square 
root  of  the  pressure  at  constant  temperature ;   (4)  the  much  lower 
solubility  of  the  hydrogen  in  the  cooler  metal  surrounding  a  freshly 
deposited  layer  of  weld  metal  causes  gas  to  be  evolved,  which  may 
reach  the  surface  or  may  be  trapped  by  the  freezing  of  the  weld 
metal ;    (5)  a  fracture  generally  has  a  shiny  surface  in  the  region 
of  occluded  hydrogen;    (6)  specimens  welded  in  the  presence  of 
moisture  show  a  spotty  fracture  due  to  oxide  inclusions,  whereas, 
in  the  absence  of  moisture,  the  fructure  shows  extensive  embrittled 
areas  that  form  a  fibrous  structure  when  the  hydrogen  is  removed ; 
(7)  the  principal  source  of  hydrogen  contained  in  welds  is  either  a 
reducing  atmosphere  or  moisture  present  during  welding;   (8)  the 
most  important  sources  of  moisture  in  welding  are  the  electrode 
coating  and  the  atmosphere;    ideal  welding  therefore  calls  for 
previously  dried  welding  electrodes  and  a  dehumidified  atmosphere ; 
(9)  the  absence  of  ferrous  oxide  in  killed  steel  tends  to  increase  the 
h^^drogen  solubility ;   (10)  non-metallic  impurities  such  as  sulphur. 
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phoBphorus  and  carbon  assist  in  the  retention  of  absorbed  hydrogen, 
e,g,,  hydrogen  may  react  with  carbon  to  form  methane ;  (11)  some 
alloying  elements  in  steel  restrict  the  difiFusion  of  hydrogen  and 
thus  cause  occlusion  under  pressure ;  (12)  the  presence  of  nickel 
increases  the  solubility  of  hydrogen  in  steel ;  (13)  the  rate  of  diffusion 
of  hydrogen  increases  logarithmically  with  increasing  temperature, 
but  there  is  an  optimum  temperature  for  removing  the  gas,  because, 
at  elevated  temperatures,  the  solubility  increases  so  much  that 
increasing  quantities  of  the  gas  dissolve  instead  of  being  expelled. 
In  the  present  investigation  this  optimum  temperature  was  found 
to  be  about  600°  C. ;  (14)  the  time  required  for  removing  hydrogen 
increases  with  decreasing  temperature  and  may  be  limited  for 
economic  reasons ;  (15)  because  it  is  often  undesirable,  or  impos- 
sible, to  anneal  welded  structures  at  temperatures  as  high  as  600°  C, 
the  possibility  of  annealing  for  longer  periods  at  lower  temperatures 
is  important.  At  temperatures  from  400°  C.  down  to  about  76°  C, 
hydrogen  can  be  satisfactorily  removed  in  a  matter  of  hours,  and, 
even  at  room  temperature,  a  sufficient  quantity  of  the  gas  will  be 
released  in  the  course  of  some  weeks  to  confer  good  strength  and 
ductility  upon  a  weld ;  and  (16)  peening  assists  hydrogen  to  escape 
from  a  weld. 

A  Comparison  of  Tests  for  Weldability  of  Twenty  Low-Carbon 
Steels.  C.  E.  Jackson  and  G.  G.  Luther.  (Welding  Journal,  1940, 
vol.  19,  Oct.,  pp.  361-S-363-S).  The  authors  study  the  relative 
merits  of  various  methods  of  determining  the  weldability  of  steel. 
The  tests  were  made  on  twenty  different  commercial  steels  ranging 
in  carbon  content  from  0-10%  to  0-54%  with  approximately  similar 
manganese,  silicon,  sulphur  and  phosphorus  contents.  The  follow- 
ing eight  weldability  tests  were  used  :  (1)  The  single- V  groove 
weld  test  suggested  by  B.  D.  Williams;  (2)  the  T  bend  test  as 
used  by  the  American  Navy  Department ;  (3)  the  V-notched  slow- 
bend  test  of  Cornelius  and  Fahsel ;  (4)  the  V-notched  impact  test 
of  Jackson  and  Rominski  (see  Joum  I.  and  S.I.,  1940,  No.  I.,  p. 
27  a)  ;  (5)  the  longitudinal-bead  slow-bend  test  suggested  by 
Barter,  Hodge  and  Schoessow  {see  Joum.  I.  and  S.I.,  1939,  No.  II., 
p.  342  a)  ;  (6)  a  weld-hardness  test  discussed  by  French  and  Arm- 
strong (see  Joum.  I.  and  S.I.,  1940,  No.  I.,  p.  161  a)  ;  (7)  the  weld- 
quench  test  proposed  by  Bruckner  (see  Joum.  I.  and  S.I.,  1938, 
No.  II.,  p.  160  a)  ;  and  (8)  the  cold-rolling  test  proposed  by  Dowdell 
and  Hughes  {see  p.  172  a).  Each  of  these  tests  is  described 
in  detail  and  the  data  obtained  in  their  application  are  presented 
in  tables  and  graphs.  Bend  tests  in  accordance  with  test  (1)  on 
the  whole  range  of  carbon  steels  revealed  a  marked  change  at 
about  0-28-0-36%  of  carbon,  for  above  this  range  the  angle  of 
bend  obtained  at  the  maximum  load  of  the  apparatus  decreased 
markedly.  Test  procedure  (2)  showed  a  similar  relationship  between 
the  angle  of  bend  at  maximum  load  and  the  carbon  content.  The 
quality  of  both  the  base  metal  and  the  welded  joint  is  revealed 
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by  this  test.  The  results  of  procedure  (4)  demonstrated  that  when 
high  impact  values  were  obtained  the  results  of  tests  (2)  and  (3) 
would  also  be  good.  Plotting  the  angle  of  bend  at  maximum  load 
and  the  elongation  obtained  by  procedure  (5)  against  the  carbon 
content  indicated  a  definite  deterioration  in  these  two  properties 
at  about  0-35%  of  carbon,  which  continued  with  increasing  carbon 
content.  As  to  test  (6),  the  ease  with  which  a  hardness  survey  can 
be  made  has  led  to  it  being  widely  adopted  in  order  to  give  a  rough 
estimate  of  the  weldability  of  steel.  In  procedure  (7)  specimens 
are  heated  to  1350-1365°  C,  and  double-quenched  in  salt  baths 
at  530"^  and  310°  C.  and  then  subjected  to  Charpy  impact  tests ; 
in  this  investigation  no  correlation  was  established  between  the 
results  obtained  by  this  and  by  the  other  procedures.  In  test  (8) 
the  cold-rolling  capacity  of  samples  of  welded  plate  was  determined, 
but  here  also  no  relationship  was  established  between  the  carbon 
content  and  the  degree  of  cold-reduction  required  to  produce 
failure  in  the  weld  metal  or  the  base  metal. 

Hetallnrgical  Changes  at  Welded  Joints  and  the  Weldability  of 
Steels.  R.  H.  Abom.  (Welding  Journal,  1941,  vol.  19,  Oct.,  pp. 
414-S-426-S).  The  author  discusses  the  metallurgical  changes  which 
occur  during  the  process  of  welding  and  how  these  changes  can  be 
controlled.  He  compares  the  transformation  taking  place  on  con- 
tinuous cooling  with  that  occurring  at  constant  temperature  and 
explains  a  method  of  estimating  the  safe  maximum  cooling  rate 
from  the  S-curve.  In  the  concluding  part  of  his  paper  he  considers 
the  weldability  of  steels,  dividing  them  into  the  three  following 
groups  :  (1)  Carbon  steels  with  carbon  under  0-30%  and  low-alloy 
steels  with  carbon  under  0-15%  which  are  readily  welded  and 
require  neither  preheating  nor  stress-relieving;  (2)  steels  with 
carbon  in  the  range  0-25-<)'50%  and  low-alloy  steels  with  0-15- 
0-30%  of  carbon  which  are  weldable  with  care  and  for  which  pre- 
heating and  stress-relieving  treatment  are  desirable ;  and  (3)  steels 
with  more  than  0-50%  of  carbon,  low-alloy  steels  with  more  than 
0'30%  of  carbon  and  steels  containing  more  than  3%  of  an  alloying 
element  which  are  difficult  to  weld  and  for  which  preheating  and 
stress-relieving  are  necessary. 

Cold  Rolling  Testing  of  Welds.  T.  P.  Hughes  and  R.  L.  Dowdell. 
(Welding  Journal,  1940,  vol.  19,  Oct.,  pp.  364-8-365-8).  The 
authors  describe  a  test  procedure  the  object  of  which  is  to  determine 
the  effect  of  carbon  in  the  higher-carbon  steels  on  the  weldability 
of  the  steel  and  the  effect  of  the  welding  heat  on  the  malleability 
of  the  weld  metal  and  the  base  metal.  For  this  test  specimens  of 
^-in.  plate  are  welded  by  making  a  single  V  joint  and  are  then 
ground  to  give  a  smooth  surface.  Tehea  re  then  cold-rolled  in  a 
small  mill  with  the  weld  transverse  thy  to  rolling  direction,  and  a 
reduction  of  0010  in.  is  applied  with  each  pass  until  failure  occurs. 
The  number  of  passes  required  to  produce  cracks  and  rupture  is 
noted.    The  authors  claim  the  following  advantages  for  this  test 
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when  applied  to  high-carbon  and  alloy  steels  :  (1)  The  test-pieces 
are  easily  prepared ;  (2)  the  plasticity  of  the  weld  metal  and  the 
base  metal  is  readily  shown  and  insufficient  weld  penetration  is 
revealed  in  a  few  minutes ;  and  (3)  the  test  is  more  suitable  for 
this  class  of  steel  than  ordinary  tension  and  bend  tests. 

Haid-Fadng  Techniqae.  T.  B.  Jefferson.  (Welding  Engineer, 
1939,  vol.  24,  Dec.,  pp.  37-39;  1940,  vol.  26,  Jan.,  pp.  32-34; 
Feb.,  pp.  27-29 ;  Mar.,  pp.  23-26,  38 ;  Apr.,  pp.  29-32 ;  June, 
pp.  28-31).  In  this  series  of  articles  the  author  diiscusses  the  tech- 
nique of  "  hard-facing,"  which  is  the  deposition  by  welding  or 
other  means  of  a  hard  abrasion-resisting  material  on  mild  steel.  In 
Part  I.  he  classifies  the  hard-facing  materials  into  three  groups,  as 
follows  :  (1)  Ferrous  alloys ;  (2)  non-ferrous  alloys ;  and  (3)  diamond 
substitutes.  In  Part  II.  he  describes  tests  which  demonstrated  the 
different  degrees  of  hardness  obtained  by  different  methods  of 
deposition.  In  Part  III.  the  oxy-acetylene  process  of  deposition  is 
discussed  with  particular  reference  to  the  effect  of  the  adjustment 
of  the  flame  on  the  hardness  of  the  metal  deposited,  whilst  in 
Part  IV.  the  electric  welding  process  is  dealt  with.  In  Part  V.  the 
wear  resistance  of  different  thicknesses  of  deposited  metal  and  the 
relative  merits  of  the  single-bead  and  multiple-bead  techniques  of 
welding  are  considered.  In  Part  VI.,  which  concludes  the  series,  a 
simple  wear-testing  device  for  determining  the  wear  resistance  of 
specimens  of  weld  metal  used  for  hard-facing  is  described.  The 
results  obtained  with  this  device  show  that  the  Brinell  hardness 
number  of  the  specimen  is  not  necessarily  an  index  of  its  wear 
resistance. 

Haid-Fadng  Permits  Combination  of  Toughness,  Hardness. 
G.  Z.  Griswold.  (Machine  Design,  1940,  vol.  12,  Dec,  pp.  60-63). 
The  author  describes  and  illustrates  a  number  of  examples  of  the 
successful  application  in  industry  of  hard-facing,  or  the  deposition 
of  wear-resisting  alloys  by  the  oxy-acetylene  process. 

Hardfaced  Parts.  (Automobile  Engineer,  1941,  vol.  31,  Jan., 
pp.  13-16).  Some  particulars  are  given  of  the  special  alloys  used 
for  building  up  worn  parts  of  internal  combustion  engines  such  as 
exhaust  valves,  valve  seats,  valve  rockers  and  pistons.  The 
technique  of  Stelliting  is  described  in  detail. 
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Alkaline  Cleaiisers  for  Cleaning  Uetal  Components.  P.  Mabb. 
(Metallurgia,  1941,  vol.  23,  Jan.,  p.  80).  The  author  outlines  the 
mechanism  of  the  degreasing  of  metals  and  alloys  with  alkaline 
cleansers  and  discusses  suitable  compositions  of  such  cleansers. 
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Diffusion  Coatings  on  Metals.  F.  N.  Rhines.  (American  Society 
for  Metals,  Oct.,  1940,  Preprint  No.  46).  The  author  designates  as 
diffusion  coatings  all  coatings  in  the  production  of  which  diffusion 
phenomena  are  involved,  i.e.,  those  produced  by  so-called  cementa- 
tion processes.  He  discusses  the  general  principles  governing  the 
operation  of  these  processes  and  points  out  that  the  diffusion  may 
occur  between  two  solids,  e.gr.,  in  cladding,  between  a  solid  and  a 
liquid  as  in  tinning,  and  between  a  solid  and  a  gas  as  in  carburising. 
He  describes  and  illustrates  the  simple  principles  derived  from  the 
phase  rule  which  govern  the  structure  of  diffusion  coatings  in 
binary  systems,  and  also  gives  some  data  for  more  complicated 
ternary  systems.  He  considers  the  factors  determining  the  struc- 
ture of  the  coatings  formed,  dealing  separately  with  those  formed 
by  soUd,  liquid  and  gaseous  diffusion.  He  discusses,  in  particular, 
the  rate  of  formation  of  diffusion  layers  and  the  physical  properties 
of  the  coatings.  Finally,  the  author  presents  tabular  data  on  the 
various  systems  which  have  been  employed  in  the  formation  of 
cemented  coatings  on  iron  and  steel  and  on  some  non-ferrous 
metals.  A  bibHography  on  the  subject  with  271  references  is 
appended. 

Chrome  Hardening  Can  Increase  the  Usetol  Lite  of  Machine 
Parts  Says  ''  Works  Chemist."  (Sheet  Metal  Industries,  1940,  vol. 
14,  Dec,  pp.  1295-1298).  A  review  is  presented  of  the  theory  and 
practice  of  chromium-plating,  the  characteristics  of  the  deposit 
and  the  many  industrial  applications  of  chromium-plated  steel. 
Particular  attention  is  drawn  to  the  reduction  of  friction  in  pressing 
operations  by  using  chromium-plated  dies. 

Notes  on  the  Spot  Test  for  lliickness  of  Chromium  Coatings. 
W.  Blum  and  W.  A.  Olson.  (Proceedings  of  the  American  Electro- 
platers*  Society,  1940,  June,  pp.  26-28).  The  authors  discuss  the 
effects  of  changes  in  the  temperature  and  in  the  acid  concentration 
on  the  results  obtained  by  the  spot  test  for  determining  the 
thickness  of  very  thin  chromium  coatings  on  steel.  The  basis  of 
this  test  is  the  time  required  for  one  drop  of  concentrated  hydro- 
chloric acid  to  dissolve  the  chromium.  They  give  the  test  pro- 
cedure which  they  recommend  for  determining  coatings  0*00006  in. 
or  less  in  thickness. 

An  Electrolytic  Chromium  Plate  Thickness  Tester.  S.  Anderson 
and  R.  W.  Manuel.  (Electrochemical  Society,  Oct.,  1940,  Preprint 
No.  3).  The  apparatus  designed  by  the  authors  for  the  determina- 
tion of  the  thickness  of  chromium-plate  is  based  on  the  principle 
that  the  ampere-seconds  required  for  the  anodic  dissolution  of  a 
given  small  area  of  chromium-plating  are  proportional  to  the 
thickness  of  the  plating.  The  method  thus  corresponds  to  that 
suggested  by  Britton  for  the  examination  of  zinc  coatings  on  wire 
{see  Joum.  I.  and  S.I.,  1936,  No.  I.,  p.  224  a).  The  areas  stripped 
in  the  test  are  4-8  or  2-4  mm.  in  dla.  and  the  electrolyte  used  is  a 
mixture  of  trisodium  phosphate  and  sodium  sulphate,  the  conoen- 
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tration  of  each  of  the  two  salts  being  1^.  The  moment  an  area 
has  been  completely  stripped  the  potential  of  the  metal  in  this 
area  changes  sharply.  Full  data  obtained  under  various  experi- 
mental conditions  are  presented  in  tables. 

Duq^osal  of  Waste  Liquon  from  Chromiam  Platiiig.  C.  R. 
Hoover  and  J.  W.  Masselli.  (Industrial  and  Engineering  Chemistry, 
Industrial  Edition,  1941,  vol.  33,  Jan.,  pp.  131-134).  The  authors 
report  on  the  results  of  an  investigation  of  the  cost  and  efficiency 
of  various  methods  of  treating  the  waste  liquors  from  chromium- 
plating  plants.  The  methods  studied  included  :  (a)  the  reduction 
of  hexavalent  chromium  followed  by  the  precipitation  of  hydrated 
chromic  oxide ;  (b)  the  direct  chemical  precipitation  of  hexavalent 
chromium  ;  and  (c)  miscellaneous  processes  involving  precipitation, 
coagulation  and  electrolysis.  A  number  of  reducing  and  precipitating 
agents  were  studied ;  of  these  the  most  promising  were  sulphur  di- 
oxide, sodium  sulphide,  sodium  sulphite,  sodium  bisidphite,  barium 
sulphide,  ferrous  sulphate,  iron  and  steel  scrap,  zinc,  lead  acetate  and 
barium  hydroxide.  After  preliminary  tests,  three  effluent-puri- 
fication processes,  using  sodium  sulphide,  barium  sulphide  and 
scrap  iron  respectively,  and  one  chromium-recovery  process  using 
sulphur  dioxide,  were  more  thoroughly  examined.  All  these  reagents 
precipitated  the  chromium  completely  and  no  difficulties  arose  from 
the  formation  of  undissociated  chromium  complexes.  The  small 
amounts  of  copper,  nickel,  cadmium  and  zinc  sometimes  present  in 
spent  liquors  containing  chromium  were  for  the  most  part  removed 
in  the  sulphide  and  scrap-iron  processes,  and  to  a  less  extent  by 
sulphur  dioxide.  The  quantity  of  cyanide  was  reduced  by  all  the 
processes,  the  reduction  amounting  to  50%  when  either  iron  scrap 
or  sulphur  dioxide  was  used.  These  two  methods  can  readily  be 
adapted  for  the  purification  of  waste  liquors  from  the  chromium- 
plating  of  steel.  A  neutral  effluent  was  obtained  with  all  four 
processes.  The  special  characteristics  of  these  four  methods  of 
treatment  are  discussed  in  detail.  The  authors'  general  conclusion 
is  that  the  most  practical  method  for  recovering  a  saleable  chrom- 
ium compound  is  a  modification  of  the  sulphur-dioxide  process  in 
which  a  hydrated  chromium  oxide  of  a  high  degree  of  purity  is 
precipitated  with  soda  ash  or  caustic  soda.  The  precipitate  is 
dried  and  roasted  at  500°  C,  when  it  forms  the  dense  green  p-chrom- 
ium-trioxide  which  is  saleable  as  a  green  pigment.  In  conclusion, 
a  brief  description  is  given  of  a  plant  now  under  construction  for 
the  treatment  of  40,000  to  100,000  gal.  of  liquor  in  24  hr. 

Influence  of  Basis  Metal  on  the  Plate.  A.  Bregman.  (Iron 
Age,  1940,  vol.  146,  Dec.  19,  pp.  39-43).  The  author  reviews  the 
literature  on  the  efiTects  of  cleaning  and  polishing  a  plate  or  sheet 
on  the  quality  of  metallic  coatings  deposited  on  it  by  the  electro- 
lytic process.     He  deals  mainly  with  nickel  coatings. 

Adhesion  of  Nickel  Deposits.  E.  J.  Roehl.  (Iron  Age,  1940, 
vol.  146,  Sept.  26,  pp.  17-20;    Oct.  3,  pp.  30-33).    The  author 
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describes  a  refinement  of  OUard's  method  of  testing  the  adhesion 
of  nickel  coatings  on  steel,  cast  iron  and  some  non-ferrous  metals. 
The  method  consists  of  nickel  plating  a  heavy  deposit  on  the  end  of  a 
cylindrical  specimen  of  the  steel  (or  other  metal)  which  is  1  in.  in  dia.  x 
1^  in.  long ;  a  hole  f  in.  in  dia.  is  drilled  through  the  centre  of  the 
deposited  metal  into  the  end  of  the  specimen ;  the  coated  end  of 
the  specimen  is  then  carefully  machined  so  that  the  nickel /steel 
interface  formed  a  ring  exactly  1  in.  in  outside  dia.  x  f  in.  in  inside 
dia.  The  test-piece  is  then  supported  in  a  suitable  die  and  a 
load  is  appUed  by  means  of  a  rod  in  a  tensile-testing  machine  until 
the  nickel  ring  is  forced  off.  From  the  value  of  the  load  and  the 
area  of  contact,  the  adhesive  value  can  be  calculated.  In  the  second 
part  of  the  paper  the  author  describes  a  number  of  tests  in  which 
the  adhesion  values  of  nickel  on  steel  and  cast  iron  were  determined 
and  the  influence  of  different  methods  of  cleaning  and  coating 
the  specimen  was  studied.  He  also  discusses  how  variations 
in  the  coating  thickness  and  the  diameter  of  the  drilled  hole 
affect  the  values  obtained.  The  results  are  presented  in  nine 
tables. 

On  the  Hot-Dip  Zinc  Coatings  of  Welded  Oas  Pipes.  Parts  I. 
and  n.  Y.  Ogino.  (Tetsu  to  Hagane,  1940,  vol.  26,  Jan.  25,  pp. 
20-42  ;  Feb.  26,  pp.  76-88).  (In  Japanese).  The  author  reports 
the  results  of  a  series  of  tests  on  galvanised  butt- welded  gas  pipes 
J  in.  in  dia.  The  pipes  were  galvanised  by  the  hot-dip  method, 
and  the  efficiency  of  the  coating  was  examined  by  tensile,  com- 
pression, bending,  hardness  and  corrosion  tests. 

Zinc  Coating— Unit  Operations,  Costs  and  Properties.  J.  L. 
Bray  and  F.  R.  Morral.  (American  Society  for  Metals,  Oct.,  1940, 
Preprint  No.  46).  The  authors  describe  in  an  elementary  way  the 
various  methods  of  producing  zinc  coatings  on  steel  by  hot  dipping 
and  electrogalvanising,  and  discuss  the  properties  of  the  coatings 
produced  by  the  various  processes,  in  particular  with  regard  to 
composition  and  corrosion  resistance.  They  briefly  consider  the 
equipment  required  for  the  methods  discussed,  and  compare  the 
costs  involved. 

The  Electrogalvanizing  of  Wire.  £.  H.  Lyons.  (Electrochem- 
ical Society,  Oct.,  1940,  Preprint  No.  2).  The  author  reviews 
recent  developments  in  the  electrogalvanising  of  steel  wire,  giving 
data  on  production  costs  and  describing  plants  operating  the 
Tainton  and  Meaker  processes.  He  considers,  in  particular,  the 
difficulties  experienced  in  producing  wire  surfaces  capable  of  receiv- 
ing adherent  deposits  and  discusses  modem  methods  for  cleaning 
the  wire  surfaces  before  coating.  He  points  out  that  ordinary 
pickling  is  ineffective  and  suggests  that  this  might  be  due  to  the 
fact  that,  owing  to  the  heat  and  pressure  during  drawing,  the 
organic  compounds  used  to  faciUtate  the  drawing  process  are 
transformed  into  tarry  substances  insoluble  in  pickUng  Uquor.  He 
also  discusses  the  deleterious  effect  of  copper  in  the  steel  wire  which 
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reduces  the  hydrogen  overvoltage  and  thus  causes  blisters.  Finally, 
he  compares  the  properties  of  hot-galvanised  and  electrogalyanised 
wires,  and  outlines  the  methods  for  testing  the  coating  thickness, 
recommending  in  particular  the  hydrochloric-acid /antimony-chloride 
strip  test. 

New  Bethaniring  Unit.  (Steel,  1940,  vol.  107,  Dec.  23,  pp. 
60-66).  A  description  is  given  of  one  of  the  departments  of  the 
wire  division  of  the  Bethlehem  Steel  Company.  The  process  known 
as  "  bethanizing  "  is  carried  out  in  this  department.  This  is  an 
electrolytic  process  of  coating  the  wire  with  zinc,  using  a  zinc- 
sulphate  solution,  with  the  wire  itself  as  the  cathode  and  electrodes 
of  a  silver-lead  alloy  as  anodes.  The  wire  passes  continuously 
through  the  solution  and  the  thickness  of  the  coating  can  be  deU- 
cately  adjusted  in  the  range  0'4-2*4  oz.  per  sq.  ft.  by  regulating 
the  speed  of  passage  of  the  wire  through  the  bath. 

Standard  Methods  of  Determining  the  Thickness  of  Zinc  Coat- 
ings. D.  S.  Abramson.  (Zavodskaya  Laboratoriya,  1940,  No.  4, 
pp.  390-398).  (In  Russian).  The  author  presents  a  critical  review 
of  methods  described  in  the  literature  for  the  determination  of  the 
average  and  local  thickness  of  zinc  coatings.  In  addition  some  of 
the  author's  results  obtained  in  checking  Preece's  immersion 
method,  which  is  regarded  as  unsuitable,  and  the  dropping  and 
constant-flow  methods  of  determining  local  thickness,  are  given. 
The  constant-flow  method  is  regarded  as  the  most  reliable.  The 
apparatus  used  for  the  method  is  described.  The  solution  employed 
contained  70  g.  per  htre  of  ammonium  nitrate,  70  ml.  per  litre  of 
1^  hydrochloric  acid  and  7  g.  per  Utre  of  copper  sulphate.  This 
solution  can  be  employed  for  coatings  irrespective  of  the  method 
of  preparing  the  surface  of  the  base  metal.  The  accuracy  of  the 
method  is  ±10%.  For  works  use  the  volumetric  constant-flow 
method  is  simpler  and  will  give  an  accuracy  of  ±  16%. 

Electrical  Equipment  for  Strip  Processing  Lines*  G.  A.  Caldwell. 
(Iron  and  Steel  Engineer,  1940,  vol.  17,  Oct.,  pp.  26-38).  The 
author  describes  in  detail  the  various  operations  and  equipment  for 
cleaning  and  coating  steel  to  make  tinplate  and  galvanised  strip  by 
continuous  methods,  with  particular  reference  to  the  electric  motors 
and  their  control.  Numerous  illustrations  and  diagrams  of  the 
machinery  at  a  modem  American  strip  mill  are  presented. 

Study  o!  Sodium  Stannate  Tin  Plating  Solution.  F.  Bauch. 
(Proceedings  of  the  American  Electroplaters*  Society,  1940,  June, 
pp.  112-118).  The  author  reports  on  a  study  of  sodium  stannate 
tinning  solutions  which  was  made  to  collect  data  concerning  the 
difficulties  which  occur  in  the  electro-deposition  of  tin  and  to  find 
the  optimum  operating  conditions.  His  conclusions  were  as  follows  : 
(1)  Bivalent  tin  ions  in  a  sodium  stannate  plating  solution  cause 
large,  porous  and  blistered  deposits.  (2)  The  anodic  behaviour  of 
tin  in  sodium  stannate  solutions  is  more  uniform  when  the  free 
sodium-hydroxide  content  of  the  bath  is  above  1  oz.  per  gal.     (3)  A 
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hydroxide  film  forms  on  the  tin  anode  in  an  alkaline  tinning 
flolution  when  the  cmrent  is  cut  ofiF;  unless  this  film  is  removed 
by  an  initial  increase  in  the  current  density,  the  tin  will  be  dis- 
solved as  stannite.  This  high  current  density  is  required  for  a 
short  period  only,  and  it  is  desirable  to  reduce  the  current  later  in 
order  to  obtain  a  high  anode  efficiency.  Unless  the  source  of 
electrical  energy  is  designed  for  an  overload,  it  must  be  of  greater 
capacity  than  that  required  for  actual  operation.  (4)  The  current 
density  at  the  anode  must  be  maintained  within  a  certain  range. 
If  the  anode  is  coated  with  a  yellowish -green  film  and  the  gassing 
at  the  anode  is  slight,  the  optimum  current  density  is  being  applied. 
It  is  difficult  to  maintain  this  condition  when  the  quantity  of  goods 
to  be  plated  varies  greatly ;  full  tank  loads  should  therefore  be 
used,  and,  with  plating  machines,  dummy  cathodes  can  be  used  to 
make  up  a  full  load.  (5)  The  formation  of  bivalent  tin  ions  is 
accompanied  by  a  low  potential  across  the  solution.  (6)  An  excess 
of  oxidising  agents  in  the  bath  lowers  the  cathode  efficiency  and 
the  load  may  be  attacked,  so  that  oxidising  acents  should  be 
diluted  and  added  to  the  solkion  with  vigorous  sti^g. 

Electro-Tuming— Good  and  Bad.  W.  H.  Taii  (Tin  and  Its 
Uses,  1941,  Jan.,  pp.  6-7).  The  author  discusses  some  causes  of 
unsatisfactory  tin  coatings  which  were  produced  in  a  tin-chloride/ 
caustic-soda  bath.  He  states  that  the  alkaline  stannate  cbnd  the 
acid  sulphate  baths,  for  which  simple  tests  and  controls  have  been 
worked  out,  are  more  reliable.  He  also  gives  some  information  on 
the  necessary  thickness  of  tin  coatings  for  certain  purposes. 

Hot-Tinmng.  C.  E.  Homer.  (Tin  Research  Institute,  Dec, 
1940,  PubUcation  No.  102).  A  comprehensive  account  is  presented 
of  the  tinning  of  steel,  iron,  copper,  brass  and  bronze  by  the  hot- 
dipping  process.  The  descriptions  are  confined  to  the  tinning  of 
fabricated  articles  whilst  the  manufacture  of  tinplate  and  the 
continuous  tinnii^  of  strip  and  wire  are  not  included. 

Plating  and  Painting  of  Aircraft  Cylinders.  H.  E.  Linsley. 
(Iron  Age,  1940,  vol.  146,  Dec.  12,  pp.  43-47).  The  author  describes 
the  plant  and  processes  which  have  been  developed  by  the  Wright 
Aeronautical  Corporation  for  degreasing,  tinning,  rinsing,  drying, 
painting  and  baking  aircraft  engine  cylinders.  The  tin  coating  is 
applied  to  the  cylinder  barrel  in  the  rough-machined  state  and  it  is 
then  removed  from  the  bore  prior  to  nitriding.  A  high  degree  of 
mechanisation  has  been  achieved  by  suspending  the  cylinder  barrels 
from  special  carriers  attached  to  pulleys  on  an  overhead  conveyor 
system.  The  barrels  pass  through  the  tinning  equipment  at  the 
rate  of  about  30  per  hr.,  and  through  the  paint  tanks  and  baking 
ovens  at  the  rate  of  26  per  hr. 

Protective  Films  on  Tinplate  by  Chemical  Treatment.  B.  Kerr. 
(Journal  of  the  Society  of  Chemical  Industry,  1940,  vol.  69,  Dec, 
pp.  259-266).  The  author  describes  a  process  of  producing  a 
sulphur-resisting  coating  on  tinplate  used  for  packing  sulphur- 
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containing  foodstuffs.  The  process  is  a  chemical  one  requiring  less 
complicated  equipment  thctn  electrol3rtic  processes.  With  this 
chemical  method  a  protective  film  is  produced  on  tinplate  by 
immersion  in  a  hot  chromic  acid  solution  after  preliminary  de- 
grea.sing  ;  alternatively,  a  hot  alkaline  phosphate-chromate  solution 
which  simidtaneously  degreases  and  films  the  tinplate  can  be  used. 
The  films  produced  also  inhibit  rusting  of  the  tinplate  at  discon- 
tinuities in  the  tin  coating.  The  resiilts  of  tests  on  filmed  and 
unfilmed  cans  in  which  meat  and  vegetable  products  had  been 
stored  for  various  periods  are  presented.  Canning  trials  with  fruit 
packs  showed  that  no  advcmtage  accrued  from  the  chromate  film. 

Streaky  Tin  Coatings  on  SteeL  (Tin  and  Its  Uses,  1941,  Jan., 
p.  9).  It  is  stated  that  the  causes  of  rippled  and  streaky  coatings 
on  steel  articles  tinned  by  the  hot-dip  process  are  usually  traceable 
to  the  inadequacy  of  the  degreasing,  pickling  or  fluxing  treatments. 
Some  suggestions  to  remedy  this  trouble  include  annealing  or 
normalising  the  steel  at  550°  C,  or  a  drastic  pickling  under  careful 
control  for  20  to  40  sec.  in  dilute  nitric  acid  (26%  by  volume). 

History  of  Mill-Addition  Opaciflers  in  Vitreous  Enamelling. 
H.  D.  Prior.  (Bulletin  of  the  American  Ceramic  Society,  1940, 
vol.  19,  Oct.,  pp.  379-383).  The  author  reviews  the  development 
of  the  use  of  opacifiers  in  the  preparation  of  vitreous  enamel.  In 
1850,  tin  oxide  was  added  to  the  melt  to  promote  opacity  and 
sometimes  as  much  as  37%  of  this  was  added.  Much  work  was 
done  between  1900  and  1910  on  enamel  compositions  to  which 
8-12%  of  tin  oxide  was  added  to  the  mill,  then,  as  normal  opaque 
frits  appeared,  the  amount  added  was  reduced  to  about  6%  and 
substitutes  for  tin  oxide  became  available;  these  substitutes  in- 
cluded antimony-base  and  zirconium-base  compounds.  At  the  pre- 
sent time,  with  a  combination  of  the  technique  of  fine-grinding  and 
the  use  of  super-opaque  frits,  mill  additions  as  low  as  2%  are  quite 
satisfactory.  A  recent  development  is  the  use  of  cerium  compounds 
as  mill-added  opacifiers. 

Properties  and  Chaiacteiistics  of  Enamelling  Iron.  J.  C.  Eckel 
and  J.  A.  Eckel.  (Bulletin  of  the  American  Ceramic  Society,  1940, 
vol.  19,  Nov.,  pp.  419-423).  After  summarising  the  characteristic 
properties  of  continuously-rolled  iron  sheet  and  the  effects  of 
various  forms  of  heat  treatment  on  it,  the  authors  discuss  how  the 
properties  at  various  stages  of  production  influence  subsequent 
operations  in  the  enameUing  shop.  The  authors*  general  con- 
clusions are  as  follows :  (1)  After  cold-reduction,  normalising, 
pickling  and  cold-rolling,  enamelling-quality  iron  sheet  has  good 
drawing  and  enamelling  properties ;  (2)  enamelling  iron  shows  a 
poor  response  to  box-annealing  after  cold-  or  hot-reduction ;  if  the 
annealing  temperature  exceeds  about  1250°  F.,  "  rosett^  "  are 
usually  formed  which  will  cause  enamelling  defects ;  (3)  the  siu*faoe 
of  the  sheet  should  be  of  correct  roughness  to  facilitate  proper 
drainage  of  the  enamel  slip  without  impairing  the  drawing  proper- 
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ties ;  and  (4)  enamelling  iron  must  be  free  from  non-metallic 
inclusions,  which  have  a  harmful  efifect  on  its  drawing,  welding, 
pickling  and  enamelling  properties. 

The  Uetalastik  Fr^ss.  (Machinery,  1941,  toI.  57,  Jan.  30, 
pp.  492-493).  Brief  particulars  are  given  of  a  process  of  bonding 
rubber  to  steel  and  other  metals  and  seyeral  applications  of 
the  process  in  general  engineering  are  described  and  illustrated. 
The  applications  include  vibration-absorbing  mountings,  flexible 
couplings  and  metal-rubber  bushes. 

Concrete  Coating  for  Undergroiind  Pipiiig.  J.  H.  T.  McGeo. 
(Journal  of  the  American  Water  Works  Association,  1940,  vol.  32, 
Oct.,  pp.  1723-1731).  The  author  describes  the  difficulties  which 
were  experienced  in  Everglades — a  town  built  on  tidal  marshes — 
and  in  Hollywood,  Florida,  owing  to  failure  of  the  underground 
pipe  lines  embedded  in  particularly  corrosive  soils.  These  diffi- 
culties were  overcome  by  coating  the  pipes  with  concrete  with  a 
cement /sand  ratio  of  1 :  2^  to  1 :  4,  depending  on  the  condition  of 
the  underlying  pipe.  The  cement  used  was  a  modffied  Portland 
cement  containing  not  more  than  8%  of  tricalcium  aluminate. 
The  author  describes  at  some  length  the  method  by  which  the 
coating  was  applied  to  the  damaged  pipe  lines.  In  conclusion,  he 
deals  very  briefly  with  the  manufacture  of  cement-coated  pipes  as 
developed  by  the  American  Cast  Iron  Pipe  Company. 

Flame  Ptetreatment  of  Stmctural  Steel  Surfaces  for  Painting. 
J.  G.  Magrath.  (American  Society  for  Metals,  Oct.,  1940,  Preprint 
No.  60).  The  author  emphasises  the  importance  of  producing  a 
clean  and  completely  dry  surface  before  applying  paint  to  struc- 
tural steel,  and  recommends  for  this  purpose  the  treatment  of  the 
surface  with  an  oxy-acetylene  flame  prior  to  application  of  the 
primer  coating.  He  outlines  the  procedure  and  describes  the 
apparatus  employed.  In  conclusion,  he  briefly  discusses  the  use  of 
the  process  for  burning  ofi"  old  paint  and  reconditioning  the  surface 
of  structures  before  repainting  them. 


PROPERTIES  AND  TESTS 


(Continued  from  pp.  130  A-135  a) 

Hot  Tensile  Testing  with  Miniature  Test  Pieces.  G.  T.  Harris. 
(Engineering,  1941,  vol.  151,  Feb.  7,  p.  101).  The  author  describes 
the  apparatus  used  for  making  tensile  tests  at  temperatiwes  in  the 
range  600-800°  C.  on  very  small  steel  test-pieces.  The  specimens 
were  1-2  in.  long  overall,  with  the  parallel  portion  0-632  in.  long 
by  0-1785  in.  in  dia.  and  they  were  pulled  in  a  standard  worm- 
gear,  long-base,  Hounsfield  tensometer.  The  electric  furnace  for 
heating  consisted  of  a  coil  of  wire  wound  round  a  steel  tube  5  in. 
long  by  1  in.  in  dia.    Temperature  measurements  were  made  with 
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three  platinum/platinum-rhodium  thermocouples.  The  furnace  tube 
was  inserted  in  a  hole  drilled  through  an  insulating  brick,  6  in.  by 
4  in.  by  3^  in.,  which  afforded  excellent  thermal  insulation  with 
the  minimum  of  constructional  difficulty.  Some  of  the  test  results 
are  presented  and  these  are  consistent  and  reliable  except  with 
regard  to  the  elongation.  In  view,  however,  of  the  small  quantity 
of  material  requiiHMl  and  the  low  cost  of  preparation  of  the  test- 
pieces  and  equipment,  the  fact  that  reliable  figures  for  maximum 
stress  and  percentage  reduction  of  area  can  be  obtained  by  this 
method  suggests  that  it  might  be  more  widely  used  with  success. 

Flakes  and  Cooling  Cracks  in  Fdrgings.  F.  B.  Foley.  (Metals 
and  Alloys,  1940,  vol.  12,  Oct.,  pp.  442-445).  The  author  discusses 
some  of  the  causes  of  flakes  and  cooling  cracks  in  steel  and  means 
of  preventing  their  formation.  A  coarse-grained  structure  makes 
steel  liable  to  produce  cooling  cracks,  but  such  cracks  in  the  ingot 
are  not  of  great  importance  in  the  manufacture  of  forgings  because 
they  readily  weld  up  during  the  forging  operation.  The  significance 
of  hydrogen  is  dealt  with,  but  the  author  does  not  believe  the 
presence  of  hydrogen  to  be  the  sole  cause  of  flakes. 

Flakes  in  Forgmgs.  (Metallurgist,  1941,  vol.  13,  Feb.,  pp.  4-6). 
The  causes  of  circular  white  areas  (called  flakes)  on  the  fractures  of 
tensile  test-pieces  from  steel  forgings  are  reviewed,  with  particular 
reference  to  recent  papers  by  Foley  {see  preceding  abstract)  and  by 
Zapffe  and  Sims  {see  p.  25  a). 

The  Fatigae  Straigth  of  Steels  at  Low  Temperatoies.  I.  V. 
Kudryavtsev  and  V.  S.  Chemyak.  (Vestnik  Metallopromyshlen- 
nosti,  1939,  No.  12,  pp.  40-44).  (In  Russian).  Earlier  work  on 
the  low-temperature  fatigue  strengths  of  steels  carried  out  at  tem- 
peratures down  to  —  40°  C.  is  briefly  reviewed.  The  authors' 
work  was  carried  out  at  +  20°,  —  75°  and  —  183°  C.  The  steels 
used  were :  (1)  E-S  containing  carbon  0-34%,  manganese  0*40%, 
silicon  0-27%,  sulphur  0008%,  phosphorus  0037%,  chromium 
1-30%  and  nickel  3-28%;  and  (2)  S^3  contaming  carbon  0-15%, 
manganese  0-51%,  silicon  0-09%  and  phosphorus  0*061%.  Electric 
welds  in  the  construction  of  liquid-air  apparatus  of  steel  St-3  were 
also  tested.  The  two  steels  exhibited  marked  increases  in  tensile 
strength,  yield  point  and  fatigue  strength  as  the  temperature  was 
lowered. 

The  Hardness  Testing  of  Micro-Specimens,  Micro-Constitaents, 
and  Minerals.  H.  O'Neill.  (Metallurgia,  1941,  vol.  23,  Jan.,  pp. 
71-74).  The  author  gives  some  reasons  why  the  term  "  micro 
hardness  testing,"  which  is  in  common  use,  is  not  very  adequate 
and  suggests  the  use  of  the  term  **  hardness  testing  by  micro- 
indentation."  He  reviews  the  tyi)es  of  apparatus  used  for  this 
test  and  some  of  the  results  obtained. 

The  Surface  Temperature  of  Slidmg  Surfaces  under  Conditions 
of  Boundary  Lubrication.  L.  V.  Elin  and  M.  D.  Krylov.  (Vestnik 
Metallopromyshlennosti,  1939,  No.  12,  pp.  33-39).     (In  Russian). 
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The  authors  studied  the  changes  in  the  temperature  of  sliding 
surfaces  in  relation  to  the  coefficient  of  friction  and  the  pressure, 
using  a  modification  of  Bowden  and  Ridler's  apparatus  with  which 
the  temperature  could  be  measured  at  0*1  mm.  from  the  surface. 
With  this  apparatus  it  was  also  possible  to  check  the  continuity  of 
the  film  of  the  lubricant  used  by  measuring  its  electrical  resistance. 
They  found  that  the  coefficient  of  friction  tended  to  decrease  as 
the  speed  of  sUding  was  increased.  It  was  observed  that  the  tem- 
perature varied  inversely  with  the  coefficient  of  friction,  not  directly 
as  established  by  Bowden  and  Ridler. 

The  Creep  I^perties  of  a  0-81  per  cent  Carbon,  0*64  per  cent 
Molybdenum  Cast  Steel.  H.  J.  Tapsell  and  L.  E.  Prosser.  (Pro- 
ceedings of  the  Institution  of  Mechanical  Engineers,  1940,  vol.  144, 
pp.  91-96).  The  authors  describe  an  investigation  of  the  creep 
properties  of  a  cast  molybdenum  steel,  of  a  type  suitable  for  turbine 
castings,  which  was  undertaken  to  obtain  data  for  the  purposes  of 
designing  for  high-temperature  service.  The  steel  tested  contained 
carbon  0-31%,  silicon  0-29%,  sulphur  0-036%,  phosphorus  0-036%, 
manganese  0-66%  and  molybdenum  0-64%.  Complete  creep  curves 
from  tests  lasting,  in  some  cases,  over  10,000  hr.  are  shown,  and  the 
estimated  stress-temperature  relationships  for  0-1%  and  0-3%  creep 
in  100,000  hr.,  and  for  0-1%  creep  in  10,000  hr.,  are  recorded. 

On  Heat  Resistant  and  High  Tensile  Alloy  Cast  Iron.  T.  Saito. 
(Kyoto  Imperial  University,  Transactions  of  the  Mining  and  Metal- 
lurgical Alumni  Association,  1940,  vol.  10,  Sept.  26,  pp.  297-302). 
(In  Japanese).  The  author  reports  on  an  investigation  of  the 
properties  at  600°,  700°  and  800°  C.  of  a  number  of  low-alloy  cast 
irons  prepared  in  a  3-ton  electric  furnace. 

Applications  of  Cast  LK>n  in  Modem  Automobile  Oonstmotion. 

E.  C.  Toghill  and  R.  V.  Dowle.  (Proceedings  of  the  Institution  of 
Automobile  Engineers,  1939-40,  vol.  34,  pp.  263-281).  The  authors 
review  briefly  the  manufacture  and  properties  of  cast  iron  with  the 
object  of  bringing  to  the  notice  of  the  automobile  engineer  and 
designer  some  of  the  irons  with  special  properties  for  specific 
applications.  They  explain  the  metallurgical  terms  used  in  con- 
nection with  the  structure,  and  the  effect  of  added  elements  on  the 
structure,  the  physical  properties  and  on  the  founding  of  grey  iron. 
A  section  is  also  devoted  to  inoculated  and  malleable  cast  irons. 
The  application  of  cast  irons  in  automobile  construction  is  dealt 
with  in  the  concluding  part.  (An  abridged  version  of  this  paper 
appeared  in  Foundry  Trade  Journal,  1940,  vol.  62,  May  23,  pp. 
383-384  ;  May  30,  pp.  403-404,  406). 

Alternative  Brituui  and  American  Alloy  Steels.  (Iron  Age,  1940, 
vol.  146,  Dec.  26,  pp.  40-41).  Two  tables  are  presented  in  which 
are  shown  side  by  side  the  designations  of  a  large  number  of  British 
steels  to  British  Standard  and  Air  Ministry  requirements  together 
with  the  nearest  equivalent  S.A.E.  number.  In  the  first  table 
approximately  similar  British  and  American  steels  are  compared, 
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and  the  second  table  gives  the  full  chemical  composition  of  nickel 
steels  to  British  and  American  standard  specifications. 

Special  and  Alloy  Steels.  W.  H.  Hatfield.  (Sheffield  Society 
of  Engineers  :  Ii:on  and  Coal  Trades  Review,  1941,  vol.  142,  Feb.  7, 
pp.  189-190  :  Foundry  Trade  Journal,  1941,  vol.  64,  Feb.  13,  pp. 
106,  114).  In  reviewing  the  economic  and  metallurgical  aspects  of 
the  manufacture  of  special  and  alloy  steels  during  the  present  war, 
the  author  observes  that  although  the  special  elements  required  to 
impart  certain  properties  to  steel  are  still  available  in  sufficient 
quantity,  strict  economy  is  necessary  and  the  policy  to  adopt  is  to 
produce  steel  with  the  properties  required  for  a  given  application 
under  the  most  economic  and  convenient  circumstances.  He 
points  out  the  fallacy  of  estimating  the  cost  of  an  alloy  steel  by 
simply  adding  the  cost  of  the  quantity  of  the  allo3ring  element  with- 
out considering  the  additional  processing  charges  incurred  for  such 
items  as  special  annealing  and  slow  cooling.  In  conclusion,  the 
author  refers  to  the  progress  made  since  1918  by  the  introduction 
of  free-cutting  steel,  creep-resisting  steel  and  magnet  steel. 

Heat  Resisting  Steels.  H.  E.  Arblaster.  (Metals  Treatment 
Society  of  Victoria  :  Australasian  Engineer,  1940,  vol.  40,  Nov.  7, 
pp.  101-104,  108-116).  In  this  discussion  of  heat  resistance,  the 
properties  of  heat-resisting  steels  and  the  methods  of  determining 
the  suitability  of  a  steel  for  a  given  application,  the  author  first 
considers  the  nature  of  oxide  films,  the  factors  affecting  their  growth 
and  their  mechanical  properties.  He  then  devotes  the  major  por- 
tion of  his  paper  to  the  properties  of  the  following  classes  of  heat- 
resisting  steel :  (a)  Straight  chromium  steels  containing  12-30% 
of  chromium  ;  (6)  silicon-chromium  steels ;  (c)  austenitic  chromium- 
nickel  steels  with  and  without  additions ;  {d)  ferrous  allovs  con- 
taining aluminium ;  (e)  chromium-manganese  steels ;  and  (/)  alloys 
high  in  nickel  and  chromium,  e.g.,  60%  of  nickel  and  20%  of 
chromium.  The  influence  of  the  carbon  content  on  the  mechanical 
properties  of  a  number  of  steels  at  high  temperatures  is  dealt  with 
in  the  concluding  part  of  the  paper. 

Metals  and  Alloys  in  the  Dauy  Industry.  H.  A.  Trebler.  (Metals 
and  Alloys,  1940,  vol.  12,  Dec,  pp.  769-777).  The  author  points 
out  that  ten  years  ago  about  90%  of  all  equipment  for  direct  con- 
tact with  dairy  products  was  made  of  copper,  with  or  without  a 
tin  coating,  and  that  the  same  equipment,  when  replaced  or  newly 
constructed,  is  to-day  to  a  great  extent  made  of  stainless  steel  or 
Inconel.  He  deals  under  separate  headings  with  equipment  made 
of  the  following  materials  :  Iron  and  steel ;  low-alloy  steels ;  18/8 
chromium-nickel  stainless  steel ;  stainless  steel  castings ;  Inconel 
and  chromium-iron  alloys ;  clad  metal ;  copper ;  copper-nickel 
alloys  ;  nickel ;  and  aluminium. 

Moly  Steels  Combine  High  Physicals,  Workability.  W.  6.  Patton. 
(Machine  Design,  1941,  vol.  13,  Jan.,  pp.  60-53,  106.)  The  author 
discusses  some  applications  of  molybdenum  steels  in  the  petroleum 
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and  automobile  industries  and  presents  four  comprehensive  tables 
showing  the  composition,  appropriate  heat  treatment,  mechanical 
properties  and  appUcations  of  a  large  number  of  cast  irons  and 
steels  containing  molybdenum. 

Molybdenum  in  Iron  and  SteeL  T.  N.  Parker.  (Mechanical 
Engineering,  1940,  vol.  62,  Nov.,  pp.  793-799).  The  author  reviews 
the  development  and  properties  oi  molybdenum-bearing  cast  irons 
and  steels.  He  refers  particidarly  to  the  replacement  by  molyb- 
denum of  a  large  proportion  of  the  tungsten  in  high-speed  steels 
and  discusses  me  influence  of  molybdenum  on  the  shape  of  the 
S- curves  for  molybdenum  steels. 

The  FprmatUm  and  Fropofties  ol  Iff artensite  ontheSnriaceol  Bope 
Wire.  E.  M.  Trent.  (Iron  and  Steel  Institute,  1941,  this  Journal, 
Section  I.).  The  occurrence  of  thin  layers  of  martensite  on 
the  worn  siuf  aces  of  wires  in  wire  ropes  used  for  mining  is  desoibed. 
These  layers  are  very  easily  cracked,  and  the  cracks  lead  to  a  rapid 
failure  of  the  wires  through  fatigue.  This  produces  a  very  dan- 
gerous form  of  deterioration,  particularly  in  mining  haulage  ropes. 

Under  conditions  of  friction  the  rope  may  fii^quently  seize  or 
weld  locally  on  to  the  object  against  which  it  is  rubbing,  and  a  thin 
layer  of  the  object  may  be  torn  away  and  remain  adherent  to  the 
wire  surface. 

The  metallurgical  structures  of  these  thin  layers  are  described. 
Martensitic  siufaces  similar  to  those  found  in  service  were  repro- 
duced on  wires  in  the  laboratory  by  a  number  of  methods,  such  as 
striking  the  wire  a  glancing  blow  with  a  hardened  steel  tool  or 
rubbing  the  wire  with  a  steel  tool  under  heavy  pressure.  These 
layers  are  examined  metallurgically  and  their  effect  on  the  mechan- 
ical properties  of  the  wire  is  examined  briefly.  The  caiise  of  a 
certain  type  of  corrosion  pitting  known  as  **  chain  pitting,**  which 
occurs  in  service  on  the  worn  surfaces  of  wires  in  haulage  ropes,  is 
traced  to  a  localisation  of  corrosion  at  cracks  in  a  martensitic  siirface. 

Spring  Materials.  A.  M.  Wahl.  (Machine  Design,  1940,  vol. 
12,  Oct.,  pp.  46-49,  94-96).  Comprehensive  tables  and  graphs  are 
presented  of  the  properties  of  helical  and  flat  springs  of  a  wide 
range  of  carbon  and  alloy  steels.  The  properties  shown  include  the 
hardness,  modulus  of  rupture  in  torsion,  elastic  hmit,  ultimate 
tensile  strength  and  the  fatigue  Umit. 


METALLOGRAPHY  AND  CONSTITUTION 


(Continued  from  pp.  136  a-138  a) 

How  to  Electrolytically  Polish  Metals  for  Metallographic  Exam- 
ination. F.  Keller.  (Iron  Age,  1941,  vol.  147,  Jan.  9,  pp.  23-26). 
The  author  discusses  the  advantages  and  limitations  of  the  electro- 
lytic method  of  polishing  specimens  of  metals  and  alloys  for  metallo- 
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graphic  examination.  The  advantages  include  the  following : 
(1)  Large  areas  can  be  prepared  for  examination  at  low  or  high 
magnification;  (2)  the  element  of  skill  is  eliminated;  (3)  the 
metal  on  the  polished  surface  does  not  flow ;  (4)  all  scratches  are 
removed ;  and  (5)  the  final  polishing  can  be  done  quickly  and 
economically.  The  disadvantages  are  that  the  method  is  unsatis- 
factory for  heterogeneous  alloys,  that  different  electrolytes  and 
current  densities  are  required  for  different  alloys,  and  that  the 
surface  must  be  smooth  and  uniformly  active  before  the  electrol3rtic 
process  is  applied. 

Electrical  Detection  of  Flaws  in  MetaL  H.  C.  Knerr.  (Metals 
and  Alloys,  1940,  vol.  12,  Oct.,  pp.  464-469).  An  electrical  non- 
destructive method  of  detecting  flaws  in  metal  tubes  is  described. 
The  principle  upon  which  this  method  of  testing  is  based  is  that. a 
discontinuity  in  the  wall  of  a  tube  which  is  passed  through  a  set 
of  energising  coils  carrying  an  alternating  current  wiU  cause  changes 
in  the  value  of  the  current  induced  in  the  tube  wall.  By  suitable 
electronic  apparatus  such  changes  in  the  induced  current  can  be 
indicated  and  recorded.  In  addition,  automatic  switches  can  be 
incorporated  in  the  apparatus  which,  when  a  fault  is  detected, 
stop  the  rolls  feeding  the  tube  through  the  testing  machine.  Thd 
detection  of  short  cracks  and  pinholes  requires  a  modified  apparatus ; 
in  such  case  the  effect  of  a  small  flaw  upon  the  total  circumferential 
current  is  small,  but  there  is  an  area  surrounding  the  flaw  from 
which  the  current  is  almost  completely  deflected.  Thus,  by  placing 
a  conductor  of  short  length  in  close  inductive  relation  to  the  area 
immediately  adjacent  to  the  flaw,  a  relatively  large  change  is  pro- 
duced in  the  induced  current  in  this  conductor.  In  the  appUcation 
of  this  principle  the  tube  is  passed  between  pairs  of  D-shaped  coils, 
called  tangent  coils,"  because  it  is  easier  to  detect  differences  in 
the  inductive  effects  in  two  similar  coils  than  it  is  to  detect  changes 
in  a  single  coil.  Testing  machines  applying  the  above  principles 
capable  of  testing  tubes  up  to  5  in.  in  dia.  have  been  designed,  and, 
with  smaller  diameters,  the  tubing  can  be  tested  at  a  rate  of  about 
50  ft.  per  min. 

Electrical  Detection  of  Flaws  in  Metallic  Tubing.  (Metallurgia, 
1941,  vol.  23,  Jan.,  pp.  79-80).  The  possibilities  of  flaw  detection 
in  tubes  by  non-destructive  electrical  methods  are  discussed  with 
especial  reference  to  H.  C.  Knerr's  method,  (see  preceding  abstract). 

Mettiods  of  Determining  Anstenite  Orain  Size  in  Steels.  S.  A. 
Ergot.  (Zavodskaya  Laboratoriya,  1940,  No.  4,  pp.  428-436). 
(In  Russian).  A  method  of  determining  the  grain  size  of  steel 
should  not  cause  any  change  in  the  grain  size  during  the  determina- 
tion, but  it  should  enable  studies  to  be  made  of  the  influence  on 
it  of  temperature  and  the  time  for  which  the  steel  is  heated, 
and,  finally,  it  should  be  universally  applicable  to  all  compositions 
of  carbon  steels.  The  methods  which  were  tested  experiment- 
ally on  medium-carbon  steels  (the  McQuaid-Ehn  method,  nor- 
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malisation,  annealing,  partial  quenching,  and  etching  of  quenched 
specimens)  were  all  found  to  be  unsatisfactory  in  one  way  or  another 
and  unable  to  satisfy  all  the  above  conditions.  The  McQuaid-Ehn 
method,  in  particular,  suffered  from  a  number  of  disadvan- 
tages, whilst  some  of  the  other  methods  did  not  give  sufficiently 
definite  results.  Experiments  with  high-temperature  oxidation  or 
etching  as  a  means  of  revealing  austenite  grain  boundaries  were 
shown  actually  to  reveal  the  grain  size  as  it  existed  during  the 
first  part  of  the  heating  period.  Normally,  the  much  larger  grain 
size  obtained  at  the  maximum  temperature  remained  undetected. 
It  was  found  that  in  order  to  avoid  this,  the  polished  section  should 
be  heated  to  the  required  temperature  for  the  required  period  of 
time  in  a  non-oxidising  and  non-etching  medium.  Molten  alkali 
carbonates  are  particularly  suitable  for  this  purpose.  The  melting 
point  of  the  bath  used  should  be  only  SO-lOO**  C.  below  the  tem- 
perature at  which  it  is  used  to  avoid  dissociation.  The  specimens 
should  then  be  transferred  to  the  chloride  etching  salt  bath  for 
2-5  min. ,  or  to  a  furnace  for  10-20  min.  The  temperature  of  the  etch- 
ing reagent  or  of  the  furnace  should  be  shghtly  below  that  to  which 
the  specimens  had  been  heated.  Etched  specimens  are  quenched 
!n  paraffin  oil  in  which  all  salt  residues  must  be  completely  removed. 
After  washing  with  cold  water  and  drying,  they  are  ready  for 
examination.  A  black  network  corresponding  to  the  grain  size  at 
the  maximum  temperature  will  be  seen.  Oxidised  specimens  are 
cooled  in  water,  polished  and  etched  with  alcohoUc  picric  acid. 

Some  Characteristics  of  Metal  Surfaces.  E.  A.  Smith.  (Machin- 
ery, 1941,  vol.  67,  Feb.  13,  pp.  641-M4).  The  author  illustrates 
and  explains  the  crystallographic  systems  of  symmetry  of  some  of 
the  common  metals  and  their  oxides  and  the  significance  of  these 
systems  in  relation  to  the  fatigue  properties  of  the  metal.  Refer- 
ence is  made  to  the  Beilby  layer  and  the  discovery  of  Finch  that 
this  layer  on  the  surface  of  metals  can  take  up,  by  solid  solution 
at  room  temperature,  crystalline  materials  which  may  he  on  it, 
whilst  a  crystalline  surface  cannot  do  this.  It  is  also  possible  to 
roll  colloidal  graphite  into  the  Beilby  layer  formed  on  mild  steel, 
and  the  possibiUty  of  cold- working  bearing  surfaces  by  buffing  in 
order  to  impart  anti-friction  quahties  is  now  being  investigated. 

Causes  of  the  Formation  of  ''Naphthalene"  Type  Fracture  in 
High-Speed  SteeL  N.  M.  Lapotyshkin.  (Vestnik  Metallopromysh- 
lennosti,  1939,  No.  12,  pp.  71-72).  (In  Russian).  It  was  shown 
that,  contrary  to  the  suggestion  of  a  previous  investigator,  work- 
hardening  of  high-speed  steel  resulting  from  various  methods  of 
deformation  and  machining  followed  by  heating  to  a  temperature 
within  the  a-lattioe  range,  did  not  produce  the  characteristic  coarse- 
grained "  naphthalene  "  type  of  fracture.  This  type  of  firacture 
was  obtained  only  after  repeated  quenching. 

Reinforced  Cast  Iron.  N.  M.  Levanov.  (Vestnik  Metallopro- 
myshlennosti,  1939,  No.  12,  pp.  11-18).    (In  Russian).    In  order 
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to  strengthen  long  cast-iron  parts  they  may  be  reinforcjed  with 
mild-steel  bars  (carbon  0-10-0'26%),  the  cast  iron  being  poured 
round  them  at  a  temperature  of  1260-1380°  C.  As  a  result  of  the 
diffusion  of  carbon  into  the  mild  steel  core  it  has  been  found  in  a 
microsection  that  the  original  structure  of  the  cast  iron  near  the 
core  was  transformed  into  one  with  finer  graphite  lamellae.  At  a 
distance  of  l'6-l-7  mm.  from  the  core  the  structure  was  sorbitic. 
At  a  distance  of  0*22  mm.  from  the  core  the  graphite  disappeared 
completely,  the  structure  being  that  of  eutectoid  steel.  In  a  tensile 
test  the  cast  iron  was  the  first  to  fracture,  this  being  followed  by 
the  fracture  of  the  steel  core  at  a  higher  stress.  In  compression 
and  compression-torsion  tests  reinforced  cast-iron  specimens  behaved 
as  a  homogeneous  material  and  the  same  thing  was  observed  in 
transverse  bending  tests  on  cast-iron  beams  with  multiple  steel 
reinforcing  cores.  In  the  latter  tests  the  stress-strain  diagram  was 
found  to  be  hnear  up  to  80-86%  of  the  ultimate  stress,  the  strain 
being  completely  elastic  up  to  60-66%  of  the  ultimate  stress. 
The  use  of  reinforced  cast  iron  for  metallurgical  equipment  and 
structural  elements  is  considered. 

Iron  bom  Heaven.  R.  F.  Mehl  and  G.  Derge.  (Metal  Progress, 
1940,  vol.  38,  Dec,  pp.  799-804).  The  authors  review  some  of  the 
beliefs  which  have  been  held  since  the  earliest  times  regarding  the 
origin  and  composition  of  meteorites,  and  then  trace  the  sequence 
of  discoveries  which  have  been  made  concerning  their  origin  and 
composition  by  scientific  methods  during  the  last  100  years. 
Meteorites  are  classified  into  three  groups,  known  as  siderites, 
siderolites  and  aerohtes.  Paneth  measured  the  helium  content  of 
meteorites,  and  from  this  calculated  that  they  originated  at  about 
the  same  time  as  the  solar  system.  The  iron  meteorites  (siderites) 
consist  mainly  of  iron-nickel  alloys,  with  about  8%  of  nickel.  In 
1863,  Rose  succeeded  in  cleaving  a  meteorite  along  the  planes  of 
the  lamellsB  and  produced  a  nearly  perfect  octahedron,  but  why 
the  meteorite  had  this  structure  and  how  this  structure  was  formed 
remained  a  mystery  until  the  science  of  physical  metallurgy  was 
developed  in  the  present  century.  The  Widmanstatten  figure  in 
meteorites  consists  of  striations  of  kamacite  (the  a-iron  solid  solu- 
tion) in  the  form  of  plates — ^which  are  formed  by  the  slow  trans- 
formation of  the  y  phase  in  the  iron-nickel  system,  stable  at  higher 
temperatures — loaging  preferentially  parallel  to  the  octahedral 
planes  of  the  y  crystal.  Between  these  plates  of  kamacite  lie 
layers  of  taenite,  which  are  the  undecomposed  residue  of  the  parent 
y  phase.  In  1930,  and  the  succeeding  years,  the  reason  for  the 
orientation  relationship  shown  in  part  by  Young  was  demonstrated, 
namely,  that  one  crystal  phase  forms  from  another  by  a  series  of 
lattice  movements  which  ordinarily  can  be  described  as  a  series  of 
shearing  operations.  Studies  of  this  subject  have  given  metal- 
lurgists a  picture  of  the  atomic-crystallographic  mechanism  by 
which  one  phase  may  be  bom  of  another,  a  picture  which  has  an 


-~WI'»«. 


100  a  MBTAUiOGBAFHY  AND  OONSTITimON. 

important  bearing  on  the  age-hardening  process  and  on  the  processes 
which  lead  to  the  formation  of  martensite-like  structures. 

The  PearUte  Interval  in  Gray  Cast  Iron.  A.  Boyles.  (Trans- 
actions of  the  American  Foundrymen's  Association,  1941,  vol.  48, 
Mar.,  pp.  531-569).  The  author  studied  the  pearlite  transforma- 
tion range  in  both  the  stable  and  metastable  conditions  of  the  iron- 
carbon-silicon  system.  To  do  this  he  selected  two  irons,  one  con- 
taining total  carbon  3*03%  and  siUcon  2*34%,  and  the  other,  total 
carbon  2-93%  and  silicon  2*19% ;  he  heat-treated  these  in  such  a 
way  as  to  arrest  the  transformation  at  various  points.  He  presents 
micrographs  which  show  that,  in  these  two  irons,  ferrite,  austenite 
and  graphite  exist  in  equiUbrium  in  the  temperature  range  1450- 
1550^  F.  He  also  formed  the  following  conclusions :  (1)  The  rate 
of  formation  of  both  ferrite  and  pearlite  was  accelerated  at  sub- 
critical  temperatures.  (2)  Under  identical  conditions  of  heat  treat- 
ment, an  iron  containing  fine  graphite  flakes  showed  more  ferrite 
than  one  containing  large  graphite  flakes.  (3)  When  specimens 
were  heated  to  1600°  F.,  quenched  in  molten  lead  standing  at  a 
constant  sub- critical  temperature,  held  for  various  lengths  of  time 
and  finally  quenched  in  water,  the  rate  of  formation  of  both  pearlite 
and  ferrite  was  accelerated  at  subcritical  temperatures ;  when 
similar  experiments  were  made  with  an  initial  temperature  of 
1800°  F.,  the  rate  of  formation  of  firee  ferrite  was  still  accelerated 
at  subcritical  temperatures,  but  less  ferrite  was  formed.  (4)  In 
small  castings  quenched  at  various  stages  of  coohng  in  the  mould, 
it  was  observed  that  ferrite  began  to  form  along  the  graphite 
flakes  prior  to  the  formation  of  pearlite ;  it  continued  to  develop 
during  the  transformation  period,  but  no  additional  ferrite  appeared 
after  transformation  was  complete.  (5)  Silicon  not  only  promotes 
graphitisation,  but  also  provides  a  mechanism  for  the  formation  of 
free  ferrite  by  causing  the  a,  y  and  graphite  phases  to  exist  in 
equilibrium  over  a  range  of  temperature  well  above  that  at  which 
pearlite  forms. 

Bate  of  Diffusion  of  Nickel  in  Gamma  Iron  in  Low-Carbon  and 
High-Carbon  Nickel  Steels.  C.  Wells  and  R.  F.  Mehl.  (American 
Institute  of  Mining  and  Metallurgical  Engineers,  Technical  Pub- 
lication No.  1281  ;  Metals  Technology,  1941,  vol.  8,  Jan.).  The 
authors  have  determined,  with  an  accuracy  of  20%,  the  diflFusion 
rates  of  nickel  in  y-iron  between  1050°  and  1450°  C.  They  examined 
alloys  containing  0-100%  of  nickel  and  0-01-l-23%  of  carbon. 
From  the  data  obtained  from  4%  and  16%  nickel  steels  containing 
respectively  0-03%  and  0*6%  of  carbon,  they  determined  graphically 
the  values  of  the  activation  energy.  Values  for  higher  nickel  con- 
centrations were  calculated  by  the  Dushman-Langmuir  equation. 
They  found  that  the  rate  of  diffiision  of  nickel  is  increased  by 
several  orders  of  magnitude  as  the  nickel  content  is  increased  from 
close  to  zero  to  nearly  100%.  At  constant  nickel  concentration 
the  diffusion  rate  increases  by  more  than  300%  as  the  ^carbon 
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content  is  raised  from  zero  to  1*5%.  Impurities  in  amounts  usuaUy 
present  in  commercial  steels  proved  to  have  no  appreciable  effect 
on  the  rate  of  diffusion  of  nickel.  The  authors  determined  the 
diffusion  equations  at  nickel  concentrations  of  4%  and  16%  and 
carbon  concentrations  of  0-03%  and  0-6%,  and  they  developed 
two  empirical  equations  from  which  the  values  of  the  diffusion  rate 
can  be  calculated  at  nickel  contents  between  zero  and  20%  and  at 
carbon  contents  between  zero  and  1'6%  respectively. 

Influence  of  Transfonnation  on  the  Oxidation  of  Steels.  T. 
Ikesima.  (Research  Reports  of  the  Sumitomo  Metal  Industries, 
Ltd.,  1940,  vol.  4,  Aug.,  pp.  103-110).  (In  Japanese).  Using  test- 
pieces  50  X  30  X  2  mm.,  the  author  heated  specimens  of  carbon 
steel,  chromium-molybdenum  steel  and  nickel-chromium  steel  to 
900°  C.  in  an  electric  furnace,  and  then  determined  their  gain  in 
weight  during  heating  by  means  of  a  special  balance  described  in 
the  paper.  He  found  that  the  gain-in- weight /temperature  curves 
changed  their  direction  suddenly  at  the  transformation  point,  which 
indicated  severe  oxidation  at  that  point.  A  corresponding  result 
was  obtained  when  cooling  the  specimens  from  900**  C.  This 
anomaly  was  also  clearly  observed  when  examining  specimens  of 
air-hardening  steels,  the  transformation  points  of  which  lie  at 
relatively  low  temperatures.  The  author  explains  the  phenomenon 
observed  as  follows  :  At  the  transformation  temperature  the  metal 
changes  its  volume  abruptly,  whilst  the  oxide  film  on  its  surface, 
formed  during  the  prececting  heating,  cannot  deform  without  crack- 
ing, unless  it  is  very  thin  or  of  high  plasticity.  If  cracks  occur  in 
the  film,  however,  oxygen  can  reach  the  underlying  metal,  which 
results  in  severe  oxidation. 

Influence  o!  Austenite  Grain  Size  upon  Isothermal  Transforma- 
tion. Behavior  of  S.A.E.  4140  SteeL  E.  S.  Davenport,  R.  A. 
Grange  and  R.  J.  Hafistein.  (American  Institute  of  Mining  and 
Metallurgical  Engineers,  Technical  Pubhcation  No.  1276  ;  Metals 
Technology,  1941,  vol.  8,  Jan.).  The  authors  studied  the  isothermal 
transformation  of  austenite  in  a  commercial  quaUty  of  steel  S.A.E. 
4140,  fine-  and  coarse-grained  specimens  of  which  were  prepared, 
by  the  appropriate  selection  of  the  austenising  temperature.  The 
investigation  led  to  the  following  results  :  (1)  Increasing  the  aus- 
tenite grain  size  from  7-8  to  2-3  on  the  A.S.T.M.  scale  greatly  retards 
the  transformation  of  the  austenite  at  temperatures  of  about  565°  C. 
and  above,  at  which  soft  lamellar  structures  form.  At  lower  tem- 
peratures, where  the  structures  are  acicular,  grain  size  has  no 
appreciable  effect  upon  the  speed  of  transformation.  (2)  The  effect 
of  the  grain  size  on  the  rate  of  transformation  to  pro-eutectoid 
ferrite  and  lamellar  products  varies  with  the  temperature,  being 
greatest  just  below  the  Ae^  temperature  and  decreasing  in  intensity 
as  the  transformation  temperature  (480°  C.)  is  approached. 
(3)  Coarse-grained  austenite  tends  to  reject  less  free  ferrite  than 
fine-grained  austenite  at  temperatures  of  about  650°  C.     (4)  Grain 
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size  does  not  appreciably  affect  the  hardness  of  the  transformation 
products,  except  at  temperatures  at  which  there  is  a  considerable 
difference  in  the  amounts  of  free  ferrite  rejected  by  coarse-  and 
fine-grained  austenite. 

An  X-Bay  Investigation  of  the  Alnminium-Cobalt-Iron  System. 
0.  S.  Edwards.  (Journal  of  the  Institute  of  MetsJs,  1941,  vol.  67, 
Feb.,  pp.  67-77).  The  author  reports  on  an  investigation  by  means 
of  X-rays  of  alloys  of  the  aluminium-cobalt-iron  system  with  less 
than  60%  (atomic)  of  aluminium  quenched  from  800°  C.  The 
constitutional  diagram  obtained  shows :  (1)  a  small  face-centred 
cubic  phase  field  a,  including  pure  cobalt ;  (2)  an  extensive  body- 
centred  cubic  phase  field  p,  including  pure  iron;  and  (3)  a  two- 
phase  field  between  them.  Examination  of  the  main  superlattice 
in  the  p-phase  field  by  photometry  of  the  films  showed  that,  for 
three  component  alloys  with  less  than  50%  (atomic)  of  aluminium, 
the  cobalt  atoms  always  '*  oppose  "  the  aluminium  atoms  as  far  as 
possible  in  the  body-centred  cubic  lattice.  The  conditions  for  the 
appearance  of  an  unexplained  second  face-centred  cubic  phase  a' 
in  the  two-phase  region  were  examined.  The  determination  of  the 
tie-lines  in  this  region  was  also  attempted ;  it  was  complicated  by 
spacing  variations  in  the  two-phase  regions  of  the  binary  alloys,  and 
by  the  presence  of  the  a'  phase. 
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Corrosion  Control  with  Threshold  Treatment.  G.  B.  Hatch  and 
0.  Rice.  (Industrial  and  Engineering  Chemistry,  Industrial  Edition, 
1940,  vol.  32,  Dec,  pp.  1572-1679).  Threshold  treatment  is  a 
process  by  which  slight  supersaturation  of  water  with  calcium 
carbonate  is  stabilised  by  the  addition  of  sodium  hexametaphosphate 
in  concentrations  of  0*5-5  parts  per  million.  This  treatment  was 
also  found  by  the  authors  to  inhibit  to  a  marked  extent  the  corrosive 
effect  of  such  water  on  iron  and  steel.  They  report  on  their  experi- 
ments on  the  passage  of  treated  water  through  black-iron  pipe  and,  in 
a  specially  designed  apparatus,  through  a  column  of  steel  wool.  For 
the  quantitative  evaluation  of  the  effiect  of  the  treatment  they 
used  the  decrease  in  oxygen  concentration  after  the  passage  of  the 
water  through  the  column  of  steel  wool  as  a  measure  of  the  cor- 
rosion. They  give  data  on  the  effiect  of  the  hexametaphosphate 
concentration,  the  rate  of  flow  of  the  water,  the  presence  of  pre- 
viously formed  rust  and  the  ^H  value  of  the  water,  upon  the  rate 
of  corrosion  at  normal  tap- water  temperatures.  The  authors  think 
that  the  inhibitive  effect  of  the  threshold  treatment  upon  the  corro- 
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sion  is  due  to  the  adsorption  of  hexametaphosphate,  or  a  complex 
thereof,  upon  the  metal  or  metal-oxide  surface. 

The  Add  Corrosion  of  Sted.  6.  H.  Damon.  (Industrial  and 
Engineering  Chemistry,  Industrial  Edition,  1941,  vol.  33,  Jan.,  pp. 
67-69).  The  author  reports  on  some  experiments  which  were 
carried  out  to  ascertain  the  influence^of  the  carbon  content  of  steel 
and  the  concentration  of  acid  on  the  rate  of  corrosion  of  steel  in 
sulphuric  acid.  Thirteen  different  concentrations  of  acid  ranging 
from  IN  to  35'5N  were  used  in  the  tests.  In  all  cases  the  maximum 
rate  of  corrosion  occurred  at  concentrations  between  1  IN  and  14iV, 
the  steels  high  in  carbon  corroding  much  more  rapidly  than  those 
low  in  carbon.  Steels  with  carbon  in  the  range  0-06-O-37%  had 
the  lowest  rates  of  corrosion  irrespective  of  the  acid  concentration. 
In  sulphuric  acid  .with  a  concentration  of  17^  or  more  the  evolu- 
tion of  hydrogen  from  the  specimens  was  at  first  rapid,  but  it 
stopped  almost  completely  after  a  few  minutes ;  this  behaviour 
was  unaffected  by  the  carbon  content.  This  was  found  to  be  due  to 
the  formation  of  a  film  of  ferrous  sulphate. 

A  Method  of  Determining  the  Corrosion-Resistance  of  Iron  and 
SteeL  S.  Johansson.  (Jemkontorets  Annaler,  1940,  vol.  124,  No. 
11,  pp.  629-631).  (In  Swedish).  After  a  brief  review  of  the 
corrosion-resistance  tests  of  Palmser,  Brennert  and  Sjovall,  and 
their  limitations,  the  author  puts  forward  a  very  sensitive  method 
of  his  own,  in  the  development  of  which  the  following  objects  were 
kept  in  view  :  (1)  The  dissolved  iron  was  to  be  kept  in  solution  so 
that  there  would  be  no  **  complications  **  such  as  rust  formation  ; 
(2)  the  determination  of  the  dissolved  iron  at  regular  intervals  with- 
out  interfering  with  the  course  of  the  corrosion  must  be  possible ; 
and  (3)  the  time  required  for  the  test  was  to  be  reasonably  short. 
In  the  first  tests  sodium-chloride  solutions  of  varying  strength 
were  used  with  additions  of  0-02%  of  calcium  ferricyanide  and 
1  %  of  gum  arable.  The  ferrous  ions  dissolved  from  the  specimen 
with  the  calcium  ferricyanides  formed  TumbuU's  blue  (ferrous- 
ferricyanide)  and  the  gum  served  as  a  protective  colloid  to  hold 
the  double  salt  in  solution.  It  was  found  possible  by  this  method 
to  hold  1-2  mg.  of  iron  in  clear  solution  in  ^  c.c.  of  liquid.  The 
amount  of  iron  could  be  determined  by  colorimetry  at  suitable 
time  intervals.  Accurate  and  reproducible  results  were  obtained 
by  this  method  with  a  large  number  of  steels,  but  it  had  never- 
theless two  disadvantages,  \yith  high  concentrations  of  dissolved 
iron  some  oxidation  to  tervalent  iron  occurred,  causing  the  deter- 
minations to  be  too  low,  and  no  relationship  could  be  established 
which  governed  the  concentration  at  which  this  oxidation  began. 
Secondly,  the  small  addition  of  calcium  ferricyanide  appeared  to 
have  a  slight  accelerating  effect  on  the  corrosion,  especially  with 
the  high -alloy  steels.  The  method  was  therefore  modified  so  that 
the  dissolved  iron  would  be  fixed  in  bivalent  form  by  the  addition 
of  an  organic  compound,  either  dipyridyl  or  phenanthroline  ;  both 
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of  these  form  exceedingly  stable,  cherry-red,  complex  salts  with 
ferrous  ions.  These  coloured  solutions  are  very  suitable  for  colori- 
metry,  as  the  colour  is  quite  strong,  even  in  very  dilute  solutions. 
Even  a  few  millionths  of  a  gramme  of  iron  in  50  c.c.  will  cause  an 
appreciable  colour.  The  two  compoimds  cure  of  about  equal  value 
in  this  respect,  and,  using  either  one  or  the  other,  no  oxidation  to 
tervalent  iron  takes  place ;  there  is  also  no  need  to  add  gum  arabic. 
Cblorimetric  determinations  are  made  with  a  photo-electric  cell  and  as 
httle  as  10^  g.  of  iron  in  50  c.c.  can  be  determined  without  difficulty. 
With  specimens  of  ordinary  steel  100-200  sq.  mm.  in  area,  an  iron 
determination  can  be  made  after  only  a  few  minutes;  certain 
stainless  steels  with  an  area  of  1000-2000  sq.  mm.  require  a  few 
hours,  and  steel  with  a  very  high  corrosion  resistance  requires  a 
longer  time.  An  addition  of  1*6  c.c.  of  a  1%  aqueous  solution  of 
phenanthroline  will  fix  at  least  1  mg.  of  iron  as  a  complex. 

Atmospheric  Exposure  Tests  on  Copper-Bearing  anid  Ottier  Irons 
and  Steels  in  the  United  States.  E.  S.  Taylerson.  (Iron  and  Steel 
Institute,  1941,  this  Journal,  Section  I.).  The  results  of  atmo- 
spheric exposure  tests  of  twelve  different  irons  and  steels  for  a 
period  of  five  years  at  three  locations  in  the  United  States  of 
America  are  reported.  These  include  three  steels,  containing  0-03%, 
0-2%  and  0*5%  of  copper,  respectively,  tested  by  the  (British)  Corro- 
sion Committee,  six  steels  ranging  in  copper  content  fix)m  very  low 
to  0-5%,  a  copper-bearing  wrought  iron,  and  two  low-alloy  steels. 
The  last  nine  materials  were  of  American  origin  and  were  selected 
to  illustrate  the  large  difference  in  corrosion  rate  that  can  be 
obtained  owing  to  variation  in  analysis.  The  locations  included  an 
industrial  district  on  marine  marshes,  an  inland  industrial  district 
and  a  rural  diBtrict.  The  results  illustrate  the  great  influence  of 
copper  and  the  even  greater  protective  value  of  higher  p^centages 
of  alloying  elements. 

The  comparative  pollution  of  the  atmosphere  at  these  three 
locations  was  evaluated  by  exposure  of  the  Corrosion  Committee's 
standard  pollution  samples  for  a  period  of  two  years. 

Corrosion  Testing  of  Eleetrodeposited  MetaL  N.  J.  Gebert. 
(Monthly  Review  of  the  American  Electroplaters'  Society,  1940, 
vol.  27,  Oct.,  pp.  755-760).  In  discussing  routine  methods  of 
testing  nickel-,  copper-  and  chromium-plating  on  iron  and  steel,  the 
author  considers  the  relative  merits  of  a  salt  spray  test  and  a 
rapid  routine  method  of  testing  in  use  at  the  works  with  which  he 
is  connected.  For  the  latter  test  the  corrosive  medium  is  made  up  of 
15  g.  of  agar,  6  g.  of  potassium  ferricyanide,  60  g.  of  sodium  chloride, 
1000  c.c.  of  distilled  water  and  250  c.c.  of  alcohol.  This  solution 
is  kept  in  a  small  bottle  which  is  maintained  at  about  120**  F.  by 
keeping  it  in  a  larger  dish  of  water  on  a  small  electric  hot-plate. 
A  syphon  is  attached  te  the  bottle  and  a  small  oxygen  cylinder  is 
used  to  blow  the  solution  on  to  the  material  te  be  tested.  The  test 
is  made  by  examining  the  number  of  blue  spots  which  appear 
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within  two  minutes  on  the  sprayed  surface.  If  any  piece  shows 
more  than  the  stipulated  number  of  blue  spots,  the  plater  and  the 
laboratory  are  immediately  notified,  so  that  corrective  measures 
can  be  applied  without  delay. 

The  Relative  Effect  of  Varions  Polishing  Finishes  on  Cknrosion 
Resistance  of  Electro-Plated  Nickel  Deposits  on  SteeL  (Proceedings 
of  the  American  Electroplaters'  Society,  1940,  June,  pp.  144-145). 
The  results  are  presented  of  an  investigation  of  the  effects  of  six 
different  procedures  for  the  mechanical  polishing,  with  an  artificial 
alumina  abrasive,  of  cold-rolled  steel  on  the  corrosion  resistance  of 
a  subsequently  applied  nickel  coating.  The  variations  in  procedure 
were  introduced  by  using  various  rag  and  sheepskin  polishing  wheels 
in  different  sequence. 
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British  Cast  Iron  Resbarch  Association.  Special  Publication 
No.  7.  ''  The  Sampling  and  Chemical  Analysis  of  Cast  Ferrous 
Metals.^*  Revised  and  enlarged  by  E.  Taylor- Austin.  8vo. 
pp.  140.  Illustrated.  ^Birmingham,  1941  :  The  Association. 
(Price  15j?.  Oi.) 

This  work,  originally  published  in  1929,  heis  been  out  of  print  for 
some  time,  and  the  thira  edition,  re-written  and  greatly  enlarged,  is 
now  issued  in  response  to  demand,  in  spite  of  difficulties  due  to  war- 
time conditions. 

It  represents  the  most  comprehensive  collection  of  methods  available 
at  the  present  time  for  the  sampling  and  chemical  examination  of  cast 
ferrous  metals,  excluding  steel,  though  the  majority  of  the  methods 
are  applicable  to  this  material.  It  covers  the  determination  of  all  the 
elements  commonly  found  in  white  and  grey  cast  iron,  pig  iron  and 
malleable  cast  iron.  Methods  are  also  described  for  ascertaining  the 
amounts  of  less  common  elements  present  in  these  materials ;  twenty- 
throe  elements  are  dealt  with  in  aU.  A  complete  new  section  dealing 
with  the  examination  of  ferro-alloys  has  been  added  in  the  new  edition. 

Many  of  the  procedures  described  in  the  earlier  editions  have 
undergone  considerable  modification,  and  much  new  material  covering 
recent  analytical  developments  has  been  incorporated  in  the  text. 
Alternative  methods  are  g^ven  in  many  instances  and  their  comparative 
aoouracy  and  limitations  are  critically  discussed.  The  basic  chemical 
principles  underlying  each  procedure  are  separately  treated,  in  order 
to  assist  t)io  reader's  understanding  of  any  particular  process. 

General  laboratory  technique  \$  described  and  recommended  analyti- 
nal  tolerances  are  given,  and  notes  are  included  on  the  care  and  main- 
tenance of  platinum  apparatus. 
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"  Factory  Training  Manual,^*  Being  a  Practical  Textbook  for 
Use  in  the  Factory  and  Workshop  in  Connection  with  the 
Ministry  of  Labour  Scheme  fo/  Training  Skilled  and  Semi- 
skilled Operatives.  By  a  Group  of  Engineers.  Edited  by 
Reginald  Pugh.  With  a  Foreword  by  The  Rt.  Hon.  Ernest 
Bevin,  P.O.  8vo.  Pp.  xii  +  286.  Illustrated.  Bath,  1941 : 
Management  Publications  Trust,  Ltd.     (Price  5$.  Od.) 

The  vast  ezpanBion  of  the  engineering  industiy  to  meet  the  national 
emergency  and  the  increased  demand  for  craftsmen  has  emphasised 
the  need  of  a  training  scheme  to  enable  men  and  women  to  take  an 
efficient  part  in  the  production  of  materials  vital  to  the  successful 
termination  of  the  war.  This  handbook  is  intended  primarily  for  the 
use  of  the  training  instructor  in  the  factory  and  workshop  and  has 
beenprepared  by  a  group  of  engineers  employed  by  the  British  Thom- 
son-Houston Co.,  L^.,  each  one  of  whom  is  a  specialist  in  his  branch 
of  engineering.  Part  I.  of  the  handbook  deals  with  the  general  features 
of  an  engineering  works.  Part  II.  with  the  machines.  Part  III.  with 
assembly  and  inspection.  Part  IV.  with  finishing,  fabrication  and 
welding,  and  Part  V.  with  the  human  factor.  It  is  weU  illustrated  and 
should  be  a  valuable  aid  to  those  engaged  in  the  training  of  operatives 
in  the  engineering  industry. 
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Magnetite  Deposits  near  Daltonganj,  Palamau  District,  with  a 
Note  on  Electric  Smelting.  K.  K.  Sen  Gupta  and  J.  Sen  Gupta. 
(Quarterly  Journal  of  the  Geological,  Mining  and  Metallurgical 
Society  of  India,  1939,  vol.  11,  Dec.,  pp.  143-148).  The  authors 
give  an  account  of  the  geology  of  a  magnetite  deposit  which  occurs 
as  a  midrib  of  a  range  of  hiUs  9  miles  south-west  of  Daltonganj  on 
the  East  Indian  Railway.  Some  analyses  of  samples  of  the  ore 
revealed  a  total  iron  content  of  65-68%,  but  as  the  main  ore  body 
is  a  mixture,  this  percentage  should  not  be  taken  as  representative. 
It  is  estimated  that  about  4,000,000  tons  of  ore  are  available.  The 
authors  give  some  reasons  for  recommending  the  smelting  of  this 
ore  in  electric  furnaces. 

Lignite  in  the  United  States.  I.  Lavine.  (Fuel  in  Science  and 
Practice,  1941,  vol.  20,  Jan.,  pp.  14-19;  Feb.,  pp.  31-38;  Mar., 
pp.  48-51).  The  author  describes  the  occurrence,  geology  and 
properties  of  lignite  in  the  United  States.  The  United  States 
possesses  nearly  950,000  million  tons  of  lignite,  which  is  almost 
entirely  confined  to  two  large  fields,  one  in  the  northern  Great  Plains 
province  and  the  other  in  the  southern  Gulf  province.  Some  lignite 
has  been  found  also  in  California,  but  the  deposits  have  not  been 
developed  commercially. 
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The  Separation  of  Silica  bom  the  Ore  before  the  Blast-Fomaoe 
Process.  W.  Luyken.  (Stahl  und  Eisen,  1941,  vol.  61,  Jan.  30, 
pp.  97-100).  The  author  reviews  and  compares  the  efficiency  of  a 
number  of  processes  which  have  been  tried  out  in  Germany  for 
benefieiating  the  lean  German  iron  ores  by  the  removal  of  surplus 
silica.  In  the  author's  opinion  the  Krupp-Renn  process  (see  Joium. 
I.  and  S.I.,  1940,  No.  I.,  p.  74  a)  is  better  than  the  wet,  the  dry- 
magnetic  and  the  magnetising-roasting  processes  when  judged  by 
the  percentage  removal  of  silica,  but  the  latter  processes  can  be 
worked  \^ith  a  much  higher  throughput  of  ore  in  a  given  time. 

The  Preparation  for  Smelting  of  Ores  from  the  Bakal  Deposits. 
V.  KuUbin.  (Stal,  1940,  No.  1,  pp.  12-15).  (In  Russian).  The 
Bakal  deposits  supply,  or  will  supply,  the  various  iron  works  using 
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the  charcoal  blast-fumace  process  in  the  Urals.  The  material 
mined  comprises  mainly  dense  brown  ironstone,  siderite  and  various 
powdered  ores.  The  quality  of  these  ores,  which  in  many  cases  are 
low  in  sulphur  and  phosphorus,  is  referred  to.  Both  the  brown 
ironstone  ores  and  the  siderites  have  to  be  roasted,  and  the  use  of 
continuous  shaft  furnaces,  possibly  burning  local  peat  or  coal-fired, 
in  place  of  the  present  wood-fired  batch-type  furnaces,  is  envisaged. 
The  powdered  ores  have  to  be  agglomerated,  for  which  purpose 
consideration  of  the  various  available  and  suggested  methods  leads 
the  author  to  the  conclusion  that  the  Dwight-Lloyd  sintering  pro- 
cess will  be  the  best.  Suggestions  are  also  made  for  methods  of 
dealing  with  and  utilising  the  very  large  accumulations  of  ore  fines 
which  are  screened  oflF. 

Mining  and  Beneficiation  of  Apitalachian  Uanganese  Ores.  E. 
Newton.  (United  States  Bureau  of  Mines,  1941,  Jan.,  Information 
Circular  7145).  The' author  describes  the  simple  methods  of  mining 
and  concentrating  manganese  ores  in  eastern  Tennessee  and  compares 
these  methods  with  those  used  elsewhere  in  the  Appalachian  region. 
The  report  contains  general  information  on  manganese  in  order  to 
give  a  clearer  imderstanding  of  the  methods  and  costs  of  mining, 
and  discusses  some  of  the  d^culties  met  with  in  these  operations. 
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The  Influence  of  Zinc  Oxide  on  the  Ck)rrosiveness  of  Checker 
Slags.  J.  H.  Chesters  and  T.  W.  Howie.  (Transactions  of  the 
British  Ceramic  Society,  1941,  vol.  40,  Feb.,  pp.  33-39).  The 
authors  have  examined  the  causes  of  a  number  of  examples  of 
excessive  corrosioif  of  checker  bricks  in  basic  open-hearth  furnaces. 
Analyses  of  the  dust  or  slag  removed  from  these  checker  bricks 
showed  that  large  amounts  of  zinc  oxide  and  smaller  amounts  of 
lead  were  present.  From  the  results  of  a  series  of  laboratory  experi- 
ments they  constructed  melting-point  diagrams  of  ternary  mixtm^es 
of :  (a)  Silica  brick,  "  synthetic  checker-brick  dust  *'  and  zinc  oxide  ; 
and  (6)  china  clay,  '*  sjoithetic  checker- brick  dust  "  and  zinc  oxide. 
From  these  diagrams  it  can  be  deduced  that  the  addition  of  a 
typical  checker-brick  dust  to  silica  brick  does  not  cause  such  a 
rapid  fall  in  the  melting  point  as  it  does  when  added  to  the  corre- 
sponding china-clay  mixture.  This  was  confirmed  by  works 
trials,  and  the  use  of  high-alumina  bricks  for  the  upper  portion  of 
cheekerwork  is  thoreforo  recommended  if  high  concentrations  of 
zinc  oxide  are  expected. 

The  Determination  of  the  Thermal  Ck)ndactivity  of  Refractory 
Blaterials.  E.  Griffiths  and  A.  R.  Challoner.  (Transactions  of  the 
British  Ceramic  Society,   1941,   vol.  40,  Feb.,  pp.  40-53).    The 
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authors  describe  two  types  of  apparatus  for  determining  the  thermal 
conductivity  of  refractory  materials  in  the  400-1600®  C.  temperature 
range.  In  one  of  these  a  specimen  18  in.  square  is  used ;  it  is 
built  up  of  standard-size  bricks,  and  the  heat  transmitted  through 
it  is  measmred  by  a  water-flow  calorimeter.  The  maximum  tem- 
perature for  this  apparatus  is  about  1000®  C.  In  the  other  apparatus 
the  specimen  is  in  the  form  of  a  disc  8  in.  in  dia.  and  1  in.  in  tluckness ; 
this  disc  forms  the  top  of  a  mufSe  furnace.  A  block  of  steel  of 
known  conductivity  rests  on  the  specimen,  and  the  heat  transmitted 
is  calculated  from  the  temperature  gradient  in  and  the  known  thermal 
conductivity  of  the  steel.  The  maximum  hot-face  temperature 
attainable  with  this  apparatus  is  about  1600®  C.  Measiu*ement8 
made  on  fireclay  and  silica  refractories  in  the  two  forms  of  apparatus 
have  given  results  in  good  agreement. 

Steel  Plant  Bebactories.  J.  H.  Chesters.  (Iron  Age,  1941, 
vol.  147,  Feb.  6,  pp.  33-36;  Feb.  13,  pp.  47-61).  The  author 
describes  methods  of  determining  the  following  properties  of  re- 
fractory bricks  used  in  steelmaking  :  (a)  Porosity  and  bulk  density ; 
(6)  specific  gravity ;  (c)  cold-crushing  strength ;  (d)  permeability  to 
air ;  (e)  Seger-cone  equivalent ;  (/)  refractoriness-under-load ; 
(g)  thermal  shock  resistance ;  (A)  resistance  to  slag ;  and  (»)  the 
properties  revealed  by  X-rays.  He  compares  some  of  the  British 
methods  of  testing  with  those  laid  down  in  the  Manual  of  the 
A.S.T.M.  Standards  on  Refractory  Materials  (1937). 

Constroctional  Bebactory  materials  Containing  CSuominm  Ore. 
K.  Konopicky.  (Stahl  und  Eisen,  1941,  vol.  61,  Jan.  16,  pp.  53-59). 
The  author  reviews  the  literature  on  the  production  and  properties 
of  chrome  refractory  bricks  and  discusses  the  effects  of  the  burning 
and  the  slag  reactions  on  the  properties  of  the  chromium-ore 
aggregates  used  in  their  manufacture.  He  traces  the  development 
of  different  compositions  of  brick  and  their  applications  with 
reference  to  diagrams  of  the  quaternary  system  magnesia-silica- 
lime- (chromium  oxide  +  iron  oxide  -f  alumina)  and  mscusses  the 
causes  of  the  failure  of  chrome-magnesite  bricks  in  open-hearth 
furnaces.     A  bibliography  with  379  references  is  appended. 

Memorandum  on  Blast-Fumace  Refractories.  L.  A.  Smith. 
(Blast  Furnace  and  Steel  Plant,  1941,  vol.  29,  Jan.,  pp.  63-65). 
The  author  suggests  some  of  the  directions  in  which  the  develop- 
ment of  blast-furnace  refractories  may  be  expected  to  proceed  in  the 
next  two  or  three  years.  The  expected  improvements  include  the 
use  of  denser  bricks  made  from  selected  Missouri  flint  clays  for  20-30 
ft.  of  the  wall  above  the  mantle  in  order  to  prevent  disintegration  in 
this  area.  He  suggests  that  less  shrinkage,  disintegration  and  hot 
spots  would  occur  in  the  area  up  to  10-15  ft.  from  the  bottom  if  the 
lining  were  built  right  up  against  the  shell  plating. 

Refractory  Requirements  for  the  Electric  Smeltiog  of  Iron  Ores. 
C.  Hart.  (Bulletin  of  the  American  Ceramic  Society,  1941,  vol.  20, 
Feb.,  pp.  53-56).     The  author  describes  the  high-shaft,  low-shaft 
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and  pit-type  electric  furnaces  used  in  Norway,  Sweden  and  Finland 
for  smelting  iron  ore,  with  particular  reference  to  their  refiractory 
linings. 
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(Ck>ntinued  from  pp.  145  a-146  a) 

Steam  Generation  in  Steel  IGIIb.  H.  J.  Kerr.  (Blast  Furnace 
and  Steel  Plant,  1941,  vol.  29,  Jan.,  pp.  112-116,  128).  After 
reviewing  the  improvements  which  have  taken  place  in  the  design 
and  efficiency  of  steam  boilers  for  rolling-mill  power-stations,  the 
author  considers  four  factors  which  are  delaying  the  introduction 
of  very  high  pressures,  ».6.,  from  1500  to  2200  lb.  per  sq.  in.,  in 
these  boilers.  These  factors  are  :  (1)  The  proper  circulation  of  the 
steam  and  the  difficulty  of  separating  the  water  from  the  steam ; 
(2)  the  difficulty  of  removing  silica  from  the  feed-water ;  (3)  the 
supply  of  suitable  steel  for  boilers  and  equipment  to  operate  at 
these  high  pressures  and  temperatures ;  and  (4)  changes  in  the 
technique  oi  operation. 

Waste-Heat  Boilers.  J.  B.  Crane.  (Combustion,  1941,  vol.  12, 
Jan.,  pp.  27-31).  The  author  discusses  types  of  boilers  adapted  to 
the  utilisation  of  the  heat  of  industrial  exhaust  or  waste  gases.  He 
points  out  certain  fundamental  differences  between  these  boilers  and 
those  fired  with  fuel,  and  presents  data  illustrating  the  economy  of 
waste- heat  recovery  as  achieved  by  the  former. 

Low-Temperatiue  Carbonisation  and  Its  Ultimate  Development. 
G.  Cellan- Jones.  (Coke  and  Smokeless-Fuel  Age,  1941,  vol.  3,  Feb., 
pp.  33-37).  The  author  gives  an  illustrated  description  of  the 
Gibbons/Cellan-Jones  low-temperature  coke-oven,  which  has  been 
designed  mainly  for  the  production  of  domestic  fuel.  He  reviews 
the  results  so  far  obtained  with  this  type  of  oven,  and  considers 
the  possibilities  of  its  development  after  the  present  war. 
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Blast-Fomace  Rehabilitation.  J.  H.  Slater.  (Iron  and  Steel 
Engineer,  1941,  vol.  18,  Feb.,  pp.  38-42).  The  author  discusses 
some  of  the  factors  involved  in  the  reconstnjction  of  blast-furnaces 
with  a  view  to  increasing  the  production.  These  factors  include  the 
capacity  of  the  foundations,  the  contour  of  the  interior,  the  facilities 
for  charging  ore  and  coke,  the  number  of  tuyeres,  instrumentation, 
the  capacity  of  the  stoves  and  the  cleaning  of  blast-furnace  gas. 

Thmgs  New  in  Blast-Fumace  Charging.  G.  Fox.  (Steel,  1941, 
vol.  108,  Feb.  10,  pp.  70-73).     The  author  describes  some  of  the 
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control  facilities  which  are  now  being  applied  to  blast-furnace 
charging  equipment.  One  of  these  is  a  new  and  simplified  type  of 
revolving  distributor  with  a  control  such  that  the  angle  of  rotation 
of  the  distributor  is  not  changed  after  a  fixed  number  of  small-bell 
discharges,  but  is  changed  in  response  to,  and  in  step  with,  the 
discharges  of  the  large  bell ;  this  means  that  all  the  skip-loads  placed 
on  the  large  bell  for  one  discharge  have  a  given  degree  of  rotation. 
Another  automatic  control  provides  for  the  discharge  of  a  pre- 
determined quantity  of  water  into  selected  skips.  An  improvement 
has  been  made  in  the  type  of  test-rods  used  for  determining  the 
height  of  the  burden  in  a  blast-furnace.  This  new  testing  device 
is  in  the  form  of  a  conical  weight  suspended  from  a  semi-flexible 
cable ;  the  cable  is  sufficiently  rigid  to  support  its  own  weight  and 
sufficiently  flexible  to  be  drawn  taut  by  the  weight  attached  to  it. 
It  has  a  smooth  surface,  and  therefore  makes  a  good  fit  in  the  stuffing- 
box  where  it  passes  through  the  furnace  top. 

The  MoQufacture  of  Basic  Pig  Iron  and  Basic  Steel.  J.  A. 
Thornton.  (Journal  of  the  Institution  of  Production  Engineers, 
1941,  vol.  20,  Feb.,  pp.  33-37).  A  brief  outline  of  the  coke-oven, 
blast-furnace  and  basic  open-hearth  processes  is  presented. 

The  Physical  Behaviotir  of  the  Ores  and  Additions  in  the  Blast- 
Fomace.  F.  Hartmann.  (Stahl  und  Eisen,  1940,  vol.  60,  Nov.  14, 
pp.  1021-1027).  The  author  presents  and  discusses  the  results  of 
a  large  numbed  of  both  full-scale  and  laboratory  tests  the  object  of 
which  was  to  obtain  information  on  the  movement  and  physical 
behaviour  of  the  various  materials  which  make  up  a  blast-fumace 
burden.  The  materials  tested  were  Gallivare  ore,  Freiburg  ore, 
minette,  lime,  open-hearth  slag,  miU-cinder  and  coke.  Laboratory 
tests  on  the  ores  showed  that  they  behaved  very  differently  with 
increasing  temperature.  Diffusion  within  the  individual  pieces  of 
ore  appeared  to  have  no  practical  significance.  At  between  600° 
and  70<)°  C.  the  ore  split  up  as  a  result  of  the  reaction  between  the 
carbon  monoxide  and  the  iron  oxide ;  this  of  course  reduced  the 
size  of  the  pieces.  Except  in  the  case  of  minette,  the  ores  were  not 
broken  up  by  the  evolution  of  carbon  dioxide.  The  temperature  at 
which  the  ores  fritted  and  sintered  was  in  some  cases  as  much  as 
300°  C.  higher  than  in  others,  and  it  was  also  dependent  on  the 
nature  of  the  gases  present ;  the  fritting  and  sintering  temperatures 
therefore  affect  the  rate  at  which  the  burden  passes  down  the  blast- 
furnace. The  temperatures  at  which  the  ores  became  soft  enough 
to  change  shape  were  also  different  for  each  ore.  While  being 
heated  up  to  the  melting  point  the  lumps  of  ore  changed  in  volume, 
and  this  also  affected  the  space  occupied  by  the  ore  in  the  blast- 
furnace and  its  rate  of  descent.  The  volume  changes  for  the 
different  ores  tested  varied  between  a  growth  of  3%  and  a  con- 
traction of  18%.  The  melting  points  of  the  ores  were  very  different, 
and  some  of  them  flowed  freely  immediately  after  melting,  whilst 
others  required  considerable  additional  heating  before  they  ran 
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easily ;  thk  of  ooiirse  influenoes  the  rate  at  which  the  molten  metal 
reaches  the  hearth.  Additional  factors  which  afiect  the  viscosity 
of  the  molten  materials  include :  (a)  The  reactions  between  the 
particles  left  after  the  reduction  of  the  iron  oxide;  and  (6)  the 
gases  given  off  by  the  different  components  of  the  burden. 

BeSEttion  Between  the  Temperature  of  the  Slag  "and  the  Com« 
positik>n  of  the  Pig  Iron  in  the  Blast-Fumace  Piooess.  N.  Yakubt- 
siner.  (Stal,  1940,  No.  1,  pp.  1-9).  (In  Russian).  A  brief 
description  is  first  given  of  the  construction  of  the  tungsten-graphite 
thermocouple  used  for  measuring  blast-fumfiice  slag  temperatures. 
The  experimental  results  were  obtained  in  1938  with  No.  3  blast- 
furnace at  the  Zaporozhstal  works  producing  converter  iron,  and 
furnaces  No.  1  and  No.  2  at  the  Azovstal  works  producing  foimdry 
and  converter  iron.  The  silicon  content  of  the  metal  from  No.  3 
blast-furnace  varied  between  0-3%  and  1-5%.  The  slag  was  com- 
paratively acidic  with  a  lime/silica  ratio  of  about  1*0-1*1.  The  slag 
temperatures,  which  were  usually  some  50-60°  C.  higher  than  those 
of  the  metal,  varied  between  1320°  and  1510°  C.  The  silicon  content 
of  the  iron  was  foimd  to  increase  with  the  temperature  of  the  slag 
by  about  0*1%  for  every  20°  C.  The  above  slag  temperature  range 
corresponded  to  a  decrease  in  the  sulphur  content  from  0*11%  to 
0-03%.  Provided  that  certain  conditions  remained  constant,  the 
manganese  content  of  the  iron  increased  with  the  slag  temperature, 
but  the  relation  was  not  as  definite  as  in  the  case  of  silicon.  With 
the  Azovstal  furnaces,  essentially  the  same  but  much  less  definite 
relations  were  found  to  exist  between  the  temperature  of  the  slag 
and  the  silicon,  sulphur  and  manganese  contents  of  the  iron.  As 
was  to  be  expected,  similar  relations  were  established  between  the 
te  mperature  of  the  iron  and  its  cdmposition.  Certain  deviations  from 
the  above  observations  resulted  from,  in  particular,  changes  in  the 
volume  of  the  blast  and  its  temperature.  The  temperature  measure- 
ments of  the  upper  and  lower  slag,  the  variation  in  temperature 
and  composition  of  the  iron  in  the  course  of  a  tapping,  and  changes 
in  the  composition  of  the  iron  resulting  from  interruption  of  the 
tapping  are  described  and  discussed.  It  was  also  found  that  there 
was  a  direct  relation  between  the  compositions  of  the  iron  and  slag 
tapped  from  the  furnace  and  the  temperatures  measured  at  the 
axis  of  the  hearth  of  No.  3  furnace.  Some  practical  deductions  are 
made  from  the  data  obtained. 

Ferro  Alloys.  F.  R.  Kemmer.  (B.H.P.  Review,  1940,  vol.  18, 
Dec,  pp.  1-3).  The  author  gives  some  details  of  the  recent  exten- 
sions to  the  Newcastle  Steel  Works  of  The  Broken  Hill  Proprietary 
Co.,  Ltd.,  which  comprise  electric  furnaces  and  equipment  for  the 
manufacture  of  ferro-manganese,  ferro-silicon,  ferro-chromium, 
some  carbon-free  alloys  and  tungsten  powder. 
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(Ck>ntinued  from  pp.  148  a-151  a) 

Malleable  Iron.  H.  F.  Davis.  (American  Society  for  Metals  : 
Canadian  Metals  and  Metallurgical  Industries,  1940,  vol.  3,  Dec, 
pp.  304-307).  The  author  describes  in  detail  the  construction  and 
operation  of  reverberatory  furnaces  and  the  casting  and  heat- 
treatment  processes  in  the  manufacture  of  black-heart  malleable 
iron. 

The  Testing  of  Fomidiy  Sands.  H.  A.  Stephens.  (Society  of 
Chemical  Industry  of  Victoria,  1940,  vol.  40,  Apr  .-May,  pp.  260-266). 
The  author  describes  methods  of  determining  the  moisture  content, 
permeability,  degree  of  fineness,  sintering  point  and  strength  of 
moulding  sands.  ' 

Fundamental  Theory  of  the  Molding  Sand  Ck)mposition  for  Steel 
Castings.  M.  Yoshida.  (Tetsu  to  Hagane,  1940,  vol.  26,  Nov.  25, 
pp.  788-796).  (In  Japanese).  The  author  considers  the  factors 
affecting  the  selection  of  a  suitable  clay  and  mixing  liquid  to  form 
a  binding  material  for  moulding  sand  K)r  steel  castings. 

Tbe  Bandnpson  Process.  W.  Parker.  (Institute  of  British 
Foundrjrmen :  Foundry  Trade  Journal,  1941,  vol.  64,  Mar.  20,  p. 
194).  The  author  briefly  describes /the  materials  and  technique 
employed  in  the  Randupson  process  of  moulding  and  discusses  some 
of  its  advantages  and  disadvantages.  The  advantages  include : 
(1)  The  great  saving  in  moulding  time,  which  may  vary  from  30% 
to  76%,  according  to  the  type  of  casting ;  (2)  the  ramming  of  the 
cement-sand  mixture  is  easy  and  the  mixture  flows  well ;  (3)  rein- 
forcement of  the  mould  with  straight  iron  rods  can  be  done  quickly, 
and  it  is  unnecessary  to  have  perfect  ramming  roimd  the  rods ;  and 
(4)  after  removing  the  pattern,  no  smoothing  of  the  mould  surface  is 
nejjessary.  The^  disadvantages  include  :  (1)  The  inability  to  make 
the  mould  and  cast  in  one  day ;  (2)  the  life  of  the  sand-cement 
mixture  is  only  3-5  hr.,  so  that  all  the  mixed,  sand  must  be  used 
within  that  period ;  and  (3)  in  the  green  state  the  sand  has  little  or 
no  bond,  and  the  moulding  method  must  therefore  be  arranged  so  ^ 
that  there  will  be  no  necessity  to  lift  the  mould  before  the  mixture 
has  had  time  to  set. 

Vertical  Casting  of  IkA  Pipe.  C.  H.  Vivian.  (Foundry  Trade 
Journal,  1941,  vol.  64,  Feb.  27,  pp.  141-142).  The  author  gives  a 
detailed  description  of  the  method  of  preparing  the  moulds  and  cores 
for  the  vertical  casting  of  large  diameter  iron  pipes  at  the  Phillips- 
burg  foimdry  of  the  Warren  Foundry  and  Pipe  Association. 

nodadng  Cast-iron  Pipe  Centrifogally.  £.  F.  Cbne.  (Metals 
and  Alloys,  1941,  vol.  13,  Feb.,  pp.  165-161).  After  a  brief  intro- 
duction, in  which  he  outlines  the  development  of  the  centrifugal 
casting   of  pipes,   the  author  reproduces  numerous  photographs 
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showing  how  this  process  is  carried  out  at  the  United  States  Pipe 
and  Foundry  Co.,  Burlington,  New  Jersey. 

Ck)ntiniiou8  Casting  of  Metals.  (Steel,  1941,  vol.  108,  Feb.  17, 
pp.  80-83).  A  description  is  given  of  the  Goss  method  for  the 
continuous  casting  of  steel.  The  equipment  for  this  method  of 
casting  consists  of  a  feeder  ladle  with  a  heavy  refractory  lining  sur- 
rounded by  an  induction  coil  to  keep  the  steel  molten.  This  ladle 
is  fixed  over  a  water-cooled,  die-casting  unit,  the  upper  portion  of 
which  is  lined  jiith  refractory  bricks  and  the  lower  portion  with  a 
copper  lining  surrounded  by  the  water-circulation  system.  The 
cooling  is  adjusted  so  that  a  thin  skin  forms  by  solidification  as 
the  metal  enters  the  chamber,  and  this  skin  becomes  thicker  when 
the  copper  lining  is  reached.  There  are  ports  at  intervals  down  the 
sides  of  the  chamber  through  which  graphite  or  some  other  suitable 
lubricant  is  injected.  By  the  time  the  metal  reaches  the  lower  open 
end  of  the  casting  unit  it  is  sufficiently  solid  to*  be  pulled  out  by 
rolls.  After  passing  through  these  rolls  it  is  cut  off  into  suitable 
lengths  for  hot-rolling.  The  dimensions  of  the  equipment  and  the 
speed  of  casting  are  not  stated. 
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The  Ck)lorado  Fuel  and  Iron  Ck)rporation  Has  Served  the  West 
for  Sixty  Years.  C.  Longenecker.  (Blast  Furnace  and  Steel  Plant, 
1941,  vol.  29,  Jan.,  pp.  78-98).  The  author  presents  a  detailed  and 
fully  illustrated  description  of  the  plant  at  the  iron  and  steel  works 
of  The  Colorado  Fuel  and  Iron  Corporation  at  Pueblo,  Colorado, 
where  the  first  blast-furnace  was  put  in  operation  in  1881.  The 
plant  now  includes  192  coke-ovens,  3  blast-furnaces,  16  open-hearth 
furnaces,  rolling-mills,  a  wire  mill,  a  cast-iron  pipe  foundry,  bolt  ^d 
nut  shop,  and  forge,  welding,  pattern  and  engineering  shops. 

The  Farther  DevBlopment  of  Hydraulic  Ck)nverter  Tiltiog  Mechan- 
ism. F.  W.  Korver.  (Stahf  und  Eisen,  1940,  vol.  60,  Nov.  14,  pp. 
1037-1038).  The  author  gives  a  detailed  description,  with  diagrams, 
of  a  newly  developed  hydraulic  apparatus,  to  operate  at  about  200 
atm.,  for  tilting  60-ton  Bessemer  converters. 

The  UtUisattDn  of  Bessemer  Steel  for  Certain  Boiled  Sections  and 
Parts.  S.  Loshchilov  and  B.  Fastovskiy.  (Stal,  1940,  No.  1,  pp. 
22-26).  (In  Russian).  In  the  introduction  it  is  pointed  out  that, 
although  there  are  large  deposits  of  low-phosphorus  ores  in  the 
U.S.S.R.  suitable  for  working  up  into  Bessemer  steel,  the  latter  has 
so  far  been  utilised  only  for  the  production  of  rails.  The  present 
investigation  was  designed  to  study  the  possibilities  of  roUing 
Bessemer  steel  into  various  sections,  as  it  is  pointed  out  that  this 
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steel  is  superior  in  many  respects  to  open-hearth  steel.  In  this,  the 
first  part  of  the  article,  characteristics  relating  to  some  experi- 
mental heats  of  Bessemer  steel  produced  at  the  Petrovskiy  and  the 
Dzerzhinskiy  works  are  described.  In  both  cases  the  metal  blown 
was  characterised  by  a  high  siUcon  content  (1*8-2*8%).  The 
deoxidation  practice  is  described  and  the  effect  of  final  deoxidation 
with  aluminium  in  the  ladle  on  the  oxygen  content' is  shown  by 
analyses  from  a  number  of  heats.  The  metal  was  top-poured  into 
the  ingot  moulds.  The  pouring  temperatures  and  rates  are  given 
and  the  appearance  and  composition  of  the  ingots  are  described. 
The  surface  of  the  ingots  was  improved  by  placing  a  sheet-iron 
sleeve  on  the  bottom  of  the  moulds,  whilst  at  the  Dzerzhinskiy 
works  two  or  three  buckets  of  saw-dust  were  also  added. 

Deagn  and  Operation  of  Regenerators  for  Open-Hearih  Famaoes. 

F.  H.  Loftus.  (Blast  Furnace  and  Steel  Plant,  1940,  vol.  28,  Nov., 
pp.  1078-1082,  1086;  Dec,  pp.  1167-1169,  1181;  1941,  vol.  29, 
Feb.,  pp.  197-199).  The  author  discusses  the  factors  affecting  the 
efficiency  of  regenerators  for  open-hearth  furnaces.  He  presents 
drawings  and  tables  of  36  different  designs  of  checker  construction 
and  their  characteristics,  and  in  a  discussion  of  these  gives  examples 
of  some  of  the  heat-transfer  calculations  involved  in  the  design  of 
regenerators.  Descriptions  are  also  given  of  the  Loftus  checker 
installation  for  single-pass  open-hearth  regenerators  and  of  a  special 
design  of  regenerator  which  provides  for  the  cleaning  of  the  waste 
gas  before  it  passes  through  the  checker  chamber. 

Open-Hearth  Practioe  Snbstantially  Advanced  in  1940.  W.  J. 
Reagan.  (Blast  Furnace  and  Steel  Plant,  1941,  vol.  29,  Jan.,  pp. 
40-46).  In  reviewing  the  improvements  in  open-hearth  practice 
which  have  taken  place  in  the  United  States  during  1940,  the  author 
refers  particularly  to  the  increased  output  per  furnace  which  haa 
been  achieved  by  improved  design  and  improved  metallurgical 
control.  The  improvements  in  design  include  the  incorporation 
of  auxiliary  slag  pockets  and  auxiliary  checkers,  increasing  the 
regenerator  capacity  and  the  increased  use  of  insulation.  More 
economical  working  has  been  achieved  by  the  installation  of  devices 
for  automatically  controlling  the  gas  pressure  in  the  furnace,  the 
air-gas  ratio  and  the  reversals  of  the  gas  flow.  The  use  of  "  syn- 
thetic scrap  "  is  also  of  interest ;  this  practice  can  be  applied  at 
plants  where  surplus  hot  metal  and  a  Bessemer  converter  are 
available.  The  hot  metal  is  blown  until  the  carbon  is  at  about 
0-10%,  and  it  is  then  cast  into  synthetic  scrap  ingots  In  con- 
clusion the  author  refers  to  the  great  increase  in  the  output  of 
alloy  steel,  and  mentions  a  new  method  of  making  chromium  steel. 
This  consists  of  adding  a  mixture  containing  about  50%  of  metallic 
chromium  to  the  ladle ;  the  other  ingredients  include  a  substance 
which  causes  an  exothermic  reaction,  and  the  heat  thus  produced 
offsets  the  chilling  effect  of  adding  the  mixture  to  the  ladle. 
About  95%  of  the  chromium  in  the  mixture  passes  into  the  steel. 
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OpeiuHearth  Pioblems  and  Improvementf  in  1940.    H.  M. 

OrifBth.  (Blant  Furnace  and  Steel  Plant,  1941,  vol.  29,  Jan.,  pp. 
58-00).  The  author  presents  a  summary  of  some  of  the  improve- 
ments in  open-hearth  design  and  practice  which  have  taken  place 
in  the  Umted  States  in  1940.    An  innovation  in  fumaoe-bottom 

Separation  is  the  use  of  a  double-burnt  dolomite  aggregate  which 
rms  a  very  dense  mass  when  rammed  in  the  dry  stote.  It  is 
claimed  that  with  this  bottom  the  furnace  can  be  brought  up  to 
temperature  and  charged  without  any  burning  in,  and  that  in  the 
first  heat  it  will  absorb  practically  no  steel  at  all. 

Developmentf  in  the  Iron  and  Steel  Industry  dnring  1940.  W.  H. 
Burr.  (Iron  and  Steel  Engineer,  1941,  vol.  18,  Jan.,  pp.  54-72). 
The  author  reviews  the  various  phases  in  the  development  of  the 
iron  and  steel  industry  of  the  United  States  which  have  taken  place 
during  1940. 

Prooeii  Begolations  lor  Increasing  the  Capacity  of  the  Iron  and 
Steel  Industry.  I.  B.  Risser.  (Stahl  und  Eisen,  1940,  vol.  60, 
Nov.  28,  pp.  1009-1075).  The  author  describes  some  of  the  measures 
adopted  dv  the  process-n^anagement  of  the  August-Thyssen- 
Htktte  A.-G.  in  order  to  improve  the  quality  and  quantity  of  their 
steel  production.  These  measures  included  improving  the  method 
of  weighing  the  charges  for  the  steel  furnaces,  a  new  roll  design  for 
rolling  rails,  the  adoption  of  new  methods  of  reporting  daily  output 
and  idle  time  of  plant,  and  the  use  of  a  new  form  of  time-sheet. 

Inflnenoe  of  various  Factors  on  the  Working  Efficiency  of  Basic 
Open-Hearth  Fomaces.  F.  Horiuchi.  (Tetsu  to  Hagane,  1940,  vol. 
26,  Nov.  25,  pp.  771-776).  (In  Japanese).  The  author  studied  the 
offo(^t  on  the  efficiency  of  the  basic  open-hearth  process  of  variations 
in  the  pig-iron /scrai)- metal  ratio,  the  composition  of  the  pig  iron  and 
of  tlio  air/gas  ratio  of  the  incoming  gases. 

EaoiliDria  of  Liquid  lion  and  Slags  of  the  System  CaO-MgO-FM)- 

SiOa*  K.  L.  Fetters  and  J.  Chipman.  (American  Institute  of 
Mining  and  Metallurgical  Engineers,  Technical  Publication  No. 
1316  :  Motals  Technology,  1941,  vol.  8,  Feb.).  The  authors  present 
the  roHiiIts  of  an  experimental  study  of  the  equilibrium  between 
slag  and  molten  iron  at  t-omperaturos  used  in  steelmaking.  In  order 
to  facilitate  the  interpretation  of  the  results  they  chose  the  simplest 
mixturo  that  would  bo  comparable  to  open-hearth  slag,  viz.,  combina- 
tions of  CaO,  MgO,  SiOj,  FeO  and  FcjOg  in  a  great  variety  of  pro- 
|H)rtions.  hi  the  course  of  their  investigation  they  made  22  heats 
\nm\  which  170  slag  samples  and  a  still  larger  number  of  metal 
sanipIcM  wc»n^  oxaniiued  after  heating  at  various  temperatures  and 
for  various  jxTiods.  The  analvtical  results  obtained  are  listed  in 
an  extensive  table.  The  oxygen  cont^nit  of  the  iron  in  equilibrium 
with  the  slags  studied  was  found  to  depend  on  the  temperature,  the 
rt>latioiuship  eom^sponding  to  that  known  for  simple  iron-oxide  slags. 
At  equilibrium,  the  ferric  oxide  of  the  slag  was  found  not  to  oe 
I'oinpletf^ly  nniiuHHi  to  ferrous  oxide.     Further,  the  authors  deter- 
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mined  the  solubility  of  magnesia  in  molten  iron  oxide  in  equilibrium 
with  the  metals  in  the  range  1640-1800°  C.  The  solubility  of  mag- 
nesia in  CaO-FeO-SiOj  slags  at  1600°  C.  is  represented  diagram- 
matically.  The  distribution  of  siilphur  between  slag  and  metal 
proved  to  be  only  slightly  affected  by  the  temperature  of  heating, 
but  to  be  dependent  to  a  great  extent  on  the  composition  of  the 
slag.  In  conclusion,  the  authors  state  that  their  results  indicate 
the  existence  of  stable  orthosilicates  and  monoferrites  in  the  molten 
slag. 

1,200-Ton  Hot-Metal  Hixer.  B.  L.  Knight.  (B.H.P.  Review, 
1940,  vol.  18,  Dec,  pp.  12-13).  The  author  describes  a  hot-metal 
mixer  which  has  recently  been  constructed  at  the  Port  Kembla' Works 
of  Australian  Iron  and  Steel,  Ltd.  This  tilting  mixer  has  a  capacity 
of  1200  tons  of  molten  iron  and  is  almost  cylindrical  in  shape.  It 
is  lined  with  high-alumina  refractory  bricks  which  are  bonded  with 
a  cement  with  a  diaspore  clay  base.  The  tilting  mechanism  is 
driven  by  two  115-h.p.  electric  motors.  The  safety  devices  include 
a  compressed-air  engine  which  automatically  returns  the  mixer  to 
the  normal  position  should  there  be  any  failure  in  the  current 
supply  to  the  tilting  motors. 

Modem  Arc-Fiurnace  Design  and  Practioe.  H.  F.  Walther. 
(Iron  and  Steel  Engineer,  1941 ,  vol.  18,  Jan.,  pp.  22-32).  After  a  brief 
outline  of  the  history  of  the  development  of  electric  furnaces  for 
steelmaking,  the  author  describes  the  plant  and  practice  at  the 
works  of  the  Timken  BoUer  Bearing  Co.,  Canton,  Ohio.  This  plant 
includes  two  35-ton,  one  60-ton  and  one  100-ton  electric  furnaces. 
The  100-ton  furnace  is  elliptical  in  plan,  the  assembled  roof  weighs 
30  tons,  it  has  six  18-in.  graphite  electrodes  and  power  is  supplied 
from  two  10,000-kVA.  transformers.  On  an  average,  the  18-in. 
lining  lasts  86  heats  and  the  12-in.  roof  43  heats.  One  of  the  35-ton 
furnaces  is  a  cone-shaped  H^oult  fiu*nace  with  an  all- welded  shell 
15  ft.  8  in.  in  dia.  at  the  hearth  and  18  ft.  in  dia.  at  the  top.  The 
object  in  this  design  was  to  improve  the  life  of  the  refractory  lining, 
and  it  is  claimed  that  as  many  as  275  heats  have  been  obtained  with 
one  lining  and  100  heats  with  one  roof.  The  general  trend  of  electric- 
furnace  design  is  towards  still  higher  power  input,  but  there  is  no 
general  rule  for  the  calculation  of  the  power  requirement,  as  this 
depencj^  mainly  on  the  type  of  scrap  to  be  melted  and  the  depth  of  the 
bath.  The  largest  graphite  electrode  being  produced  at  the  present 
time  is  20  in.  in  dia.  with  a  capacity  in  the  range  12,000-16,000  kVA. 
In  the  author's  opinion  there  are  practical  considerations  which 
put  a  limit  on  the  size  of  a  cylindrical  furnace,  and  the  maximum 
dimensions  would  be  about  20  ft.  in  dia.  x  11  ft.  6  in.  deep,  and 
6  ft.  from  the  door-sill  to  the  top  of  the  shell ;  such  a  furnace  would 
produce  about  75  tons  per  heat.  The  author  explains  a  formula  for 
calculating  the  power  efficiency  of  electric  furnaces.  Applying  this 
formula  to  10-,  30-,  35-,  60-  and  100-ton  furnaces,  their  power 
efficiencies  are  found  to  be  50%,  60-2%,  61-7%,  65%  and  66-9%, 
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respectively.  With  regard  to  the  life  of  linings,  silica-brick  linings 
have  proved  to  be  the  most  practical  and  economical  for  large 
furnaces,  as  the  use  of  the  much  dearer  magnesite  brick  is  only 
justified  in  small  furnaces  where  exceedingly  high  temperatures  are 
required.    The  insulation  of  electric-furnace  roofs  is  not  practicable. 

The  Development  of  the  Electric-Arc  Furnace  as  a  Laxg^ 
Capacity  Furnace  and  Its  Metallurgical  Application.  W.  Bohland. 
(Stahl  und  Eisen,  1941,  vol.  61,  Jan.  2,  pp.  2-12).  Commencing 
with  a  historical  survey  of  the  development  in  .Germany  of  the 
electric  furnace  for  steelmaking  from  the  first  30-cwt.  furnace  which 
was  put  in  commission  at  Bemsheid  in  1906,  the  author  goes  on  to 
compare  the  characteristics  of  this  furnace  with  those  of  modem 
15-  and  30-ton  furnaces.  He  describes  in  detail  the  design  of  modem 
skip-charging  and  removable-top  electric-arc  furnaces,  and  discusses 
the  cost  and  efficiency  of  operating  furnaces  of  different  capacities. 
From  this  it  is  seen  that  6-15-ton  furnaces  are  most  suitable  for 
making  tool  steel  and  special  steels  of  high  quality,  while  15-30-ton 
furnaces  are  most  efficient  for  structural  and  ball-bearing  steels. 
For  the  duplex  process  furnaces  of  40-45  tons  are  most  suitable. 
The  author  discusses  next  the  metallurgical  processes  involved,  deal- 
ing with  possible  developments  of  the  Perrin  and  similar  processes 
and  the  application  of  low-frequency  currents  for  accelerating  the 
reactions  between  the  steel  and  slag.  With  regard  to  these  possi- 
bilities a  brief  description  is  given  of  a  Siemens-Halske  electric 
furnace  which  incorporates  the  electric  arc  "for  heating  and  the 
application  of  low-frequency  current  to  produce  a  stirring  action. 
Some  preliminary  experiments  in  desulphurising  and  dephosphorising 
pig  iron  have  already  been  carried  out.  These  showed  that,  for  a 
given  slag  with  a  quiet  bath,  the  sulphur  content  was  reduced  by 
only  O0O7-O-0O35%  of  the  original  content  every  10  min.  untU 
0*0014%  was  reached,  whereas,  with  the  application  of  low-frequency 
current,  the  rate  of  desulphurisation  was  increased  to  0-025-0'03% 
in  10  min.  Clear  indications  as  to  how  the  dephosphorisation  of 
steel  could  be  accelerated  were  not  obtained  in  the  experiments  with 
pig  iron  as  the  high  carbon  content  introduced  complications. 
Using  pig  iron  in  the  above  furnace  with  a  quiet  bath,  no  dephos- 
phorisation at  all  took  place,  but,  irrespective  of  the  carbon  content, 
it  commenced  instantly  on  switching  on  the  low-frequency  (;urrent, 
and  in  30-35  min.  the  phosphorus  content  was  reduced  by  35-55%. 
Owing  to  war-time  conditions  these  experiments  could  not  be 
pursued  further,  and  the  author  suggests  that  investigations  with  a 
view  to  developing  the  combined  electric-arc  and  low-frequency 
technique  should  be  undertaken  by  the  Kaiser- Wilhelm-Institut  fiir 
Eisenforschung  at  some  future  date. 

Steel  Plant  Maintenance  Shops.  T.  R.  Moxley.  (Iron  and  Steel 
Engineer,  1941,  vol.  18,  Jan.,  pp.  75-82).  The  author  discusses  the 
organisation  of  maintenance  shops  in  a  steelworks.  He  deals  with 
the  financial  aspect,  and  the  location,  size,  Ughting  and  heating  of 


BEHEATINO  FUBNAOES  :    FOBGINO,  STAMPINO  AND  DBAWINQ.      209  A 

the  buildlDgs  and  then  describes  the  equipment  of  the  shops  for 
machining,  forging,  heat  treating,  boiler-making,  foundmg,  welding, 
pipe-making  and  pattem-making. 

The  Use  of  the  Normal  Curve  in  Problems  of  the  Steel  Industry. 
H.  Ziebolz.  (Iron  and  Steel  Engineer,  1941,  vol.  18,  Jan.,  pp.  50- 
62).  The  author  explains  the  use  of  the  "  normal  curve  (fire- 
quency  curve)  as  a  method  of  presenting  statistics,  and  illustrates 
this  by  examples  of  its  application  to  problems  in  the  steel  industry. 


REHEATING  FURNACES 


(Continued  from  p.  0  a) 


Soaking-PUl  Control  M.  J.  Boho.  (Iron  and  Steel  Engineer, 
1941,  vol.  18,  Jan.,  pp.  34-42).  The  author  studies  the  progress 
made  during  the  last  five  years  in  methods  of  soaking-pit  control. 
He  presents  the  problem  of  delivering  perfectly  heated  ingots  to  the 
rolling-mill  and  describes  how  the  heat  input,  the  fuel/air  ratio  and 
the  furnace  pressure  of  soaking-pits  can  be  measured  and  controlled, 
giving  details  of  a  number  of  control  systems  in  actual  operation. 

Billet-Heatiag  Furnace  Developments.  (Metallurgia,  1941,  vol. 
23,  Feb.,  pp.  123-126).  Illustrated  descriptions  are  given' of  a 
number  of  modern  furnaces  for  the  reheating  of  billets  of  steel  and 
of  noD -ferrous  metals.  A  special  type  of  gas  burner  is  described 
which  is  designed  to  give  instantaneous  and  complete  combustion 
of  all  gases,  whether  clean  or  dirty  and  tcury.  The  burner  can  be 
used  with  any  type  of  industrial  gas,  and  it  will  also  work  with  air 
preheated  up  to  400°  C. 

The  Heatiog  of  Billets  for  Shell  Forging.  W.  Trinks.  (American 
Society  of  Mechanical  Engineers  :  Industrial  Heating,  1940,  vol.  7, 

Dec,  pp.  1155-1162).  Recommendations  for  Heating  Billets  for 
Shell  Forging.  W.  Trinks.  (Steel,  1941,  vol.  108,  Jan.  20,  pp.*  64- 
57).  The  author  examines  the  advantages  and  limitations  of  batch, 
continuous  and  rotating-hearth  furnaces  for  the  heating  of  round 
and  square  billets  for  forging  shells. 


FORGING,  STAMPING  AND  DRAWING 


(Cohtinued  from  pp.  15S  A- 159  a) 

Casting,  Catting  Off  and  Heatiog  Billets  for  Forging  High- 
Explosive  ShelL  A.  F.  Macconochie.  (Steel,  1941,  vol.  108,  Feb. 
10,  pp.  54-60).  The  author  describes  the  preliminary  stages  in  the 
manufacture  of  shell  forgings  as  practised  by  the  National  Steel  Car 
Corporation,  Ltd.,  at  Hamilton,  Ontario.     At  these  works  the  biUets 
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are  cut  from  the  long  square  bars  with  an  oxy-acetylene  cutting 
machine,  and  are  then  charged  to  the  forging  furnaces.  This  , 
company  has  a  number  of  rectangular  and  two  rotating-hearth 
furnaces.  The  former  are  economical,  in  that  they  can  be  arranged 
with  regenerative  heating,  whilst  the  latter  ofifer  the  advantages  of 
continuous  charging  and  unloading.  The  present  trend  is  towards 
using  the  rotating-hearth  type. 

8-7-In.  Shell  Fdrgings.  (Machmist,  1941,  vol.  84,  Mar.  15,  pp. 
1080-1086).  An  illustrated  description  is  given  of  the  Stewart- 
Lloyd  process  of  forging  shells.  After  the  square  billets  have  been 
cut  off  in  the  required  lengths  they  are  heated  to  a  forging  tem- 
perature of  about  2080°  F.  and  transferred  to  a  vertical  piercing 
machine  which  produces  a  "  bottle  ** ;  the  bottle  is  then  drawn 
down  to  the  required  outside  diameter  by  being  pushed  on  a  mandrel 
through  five  sets  of  reducing  rolls,  each  set  consisting  of  three  rolls 
mounted  in  a  head  with  their  axes  at  60°  to  each  other. 

Shaping  Steel  to  Form  High-Explosive  ShelL  A.  F.  Macconochie. 
(Steel,  1941,  vol.  108,  Feb.  17,  pp.  68-62,  91).  The  author  describes 
some  methods  of  pressing  and  rolling  billets  to  make  shells.  The 
machines  described  include  a  Southwark  vertical  hydrauHo  press 
for  piercing  the  blank,  a  Manfred- Weiss  horizontal  machine  with 
five  sets  of  rolls  for  reducing  the  pierced  blank,  an  Assel  shell- 
rolling  mill  and  a  Witter  mill. 

Forging  Practice  at  the  Sedalia  Shop  of  Missonri  Pacific  BaihNMid. 
,  C.  Cleveland.  (Heat  Treating  and  Forging,  1940,  vol.  26,  Dec, 
pp.  581-586).  The  author  describes  the  reheating,  forging  and 
hardening  equipment  and  processes  at  the  Sedalia  workshops  of  the 
Missouri  Pacific  Railroad.  The  manufacture  and  repair  of  leaf 
springs  and  the  forging  of  box  saddles  from  scrapped  wagon  axles 
are  described  in  detail. 

Forging  the  Stainless  Steels.  £.  R.  Johnson.  (Metal  Progress, 
1941,  vol.  39,  Jan.,  pp.  54-59,  118).  In  the  first  part  of  his  paper 
"the  author  discusses  the  properties  of  the  following  four  groups  of 
stainless  steels  :  (1)  The  martensitic  steels  containing  10-14%  of 
chromium  ;  (2)  the  ferritic  steels  containing  14-18%  of  chromium, 
or  23-30%  of  chromium  with  carbon  0-35%  max. ;  (3)  the  austenitic 
steels  ;  and  (4)  the  high-chromium  (22-26%)  austenitic  steels.  He 
deals  in  particular  with  their  hot-working  characteristics,  and  in  the 
concluding  part  describes  briefly  some  of  the  roUing,  forging  and  heat- 
treatment  processes  applied  to  the  different  groups. 

Inspection  Ck)ntrol  in  the  Forge  Shop.  J.  Mueller.  (Heat  Treat- 
ing and  Forging,  1940,  vol.  26,  Oct.,  pp.  477-480).  The  author 
discusses  the  organisation  of  inspection  procedure  for  a  shop  making 
largo  numbers  of  medium  and  small  forgings,  and  reproduces  some 
examples  of  suitable  inspection  report  forms. 

New  **  Marshall  Richards ''  Fine  Wire-Drawing  Machine.  (Wire 
Industry,  1941,  vol.  8,  Feb.,  pp.  69-70).  A  description  and  iDus- 
tration  are  presented  of  a  new  type  of  wire-drawing  machine  which 
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will  draw  from  a  maximum  inlet  size  of  0*036  in.  in  dia.  to  a  finiahing 
size  in  the  range  0*010-0*001  in.  in  dia.,  and  will  accommodate  a 
maximum  of  sixteen  dies  to  suit  any  elongation  required.  The 
machine  is  designed  so  that  the  heavy  end  of  the  wire  can  be  drawn 
on  cones  flood^  with  liquor  and  the  fine  end  on  dry  cones  in  the  ^ 
usual  manner,  but  if  it  is  required  to  draw  firom  an  inlet  size  of 
0*004  in.  in  dia.  or  lees,  the  Uquor  spray  can  be  cut  off  frAi  the  cones 
and  confined  to  the  dies  only. 


ROLLING-MILL   PRACTICE 


(Continued  from  pp.  159  A-160  a) 

Manufacture  and  CJomposition  of  Grease  Lubricants.  T.  Lennox. 
(Iron  and  Steel  Engineer,  1941,  vol.  18,  Feb.,  pp.  29-34).  The 
author  describes  the  raw  materials,  equipment  and  processes  used 
in  the  manufacture  of  lubricating  grease. 

The  Boiling  of  Heavy  and  Medium  Plates.  E.  Howahr.  (Stahl 
und  Eison,  1941,  vol.  61,  Jan.  23,  pp.  73-83 ;  Jan.  30,  pp.  100-107). 
The  author  presents  a  detailed  account  of  the  plate  mills  at  the 
works  of  Marrel  at  Rive  do  Gier  and  of  the  Dortmund-Hoerder 
Huttenverein  at  Dortmund.  These  descriptions  illustrate  the 
development  of  the  four-high  stand  for  roUing  both  thick  and 
medium  plates. 

The  Tandem  Mill  at  the  Port  Kembla  Works  of  Lysaght's  New- 
castle Works  Pty.,  Ltd.  (B.H.P.  Review,  1940,  vol.  18,  Dec.,  pp. 
18-19).  An  illustrated  description  is  given  of  the  sheet  mill  at  the 
Port  Kembla  Works  of  Lysaght's  Newcastle  Works  Proprietary,  Ltd. 
This  mill  consists  of  seven  two-high  stands  in  tandem,  each  stand 
being  independently  driven  by  a  400-h.p.  motor. 

Follansbee  Steel  Ck)rp.  Expands  Cold  Reduction  Facilities.    T.  J. 

Ess.  (Iron  and  Steel  Engineer,  1941,  vol.  18,  Feb.,  pp.  66-66). 
The  author  gives  a  detailed  description  with  numerous  illustrations 
of  the  sheet  mills  at  the  Follansbee,  West  Virginia,  and  the  Toronto, 
Ohio,  plants  of  the  Follansbee  Steel  Corporation,  where  extensions 
have  recently  been  completed. 

Follansbee  Modernizes  Production  Facilities.  T.  C.  Campbell. 
(Iron  Age,  1941,  vol.  147,  Feb.  13,  pp.  53-65).  The  author  describes 
and  illustrates  some  of  the  new  sheet-mill  equipment  which  has 
recently  been  installed  at  the  works  of  the  Follansbee  Steel  Corpora- 
tion at  Follansbee,  West  Virginia.  This  equipment  includes  two 
four-high  cold  reversing  milk,  one  four-high  temper  mill,  two 
cutting  and  shearing  lines,  tinning  plant  and  two  bell-type  gas- 
fired  annealing  furnaces. 

BoUing-Mill  Design  Assists  the  National  Effort  in  the  Production 
of  Sheet  and  Strip  MetaL    C.  E.  Davies.    (Sheet  Metal  Industries, 
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1941,  vol.  15,  Mar.,  pp.  320-322).  The  author  discusses  some 
improvements  in  rolling-mill  design  which  have  been  instrumental 
in  considerably  increasing  the  production  of  steel  sheet  and  strip  in 

^  Great  Britain.    Particular  reference  is  made  to  the  advantages  of 

^  the  four-high  mill  stand. 

Properties  of  Flat-BoUed  Products  Improved  by  Change  in  Type 
of  HilL  9^G.  White.  (Blast  Furnace  and  Steel  Plant,  1941,  vol. 
29,  Jan.,  pp.  51-53,  57).  The  author  presents  an  outline  of  the 
development  of  the  continuous  rolling  of  wide  steel  strip.  He  points 
out  that,  owing  to  the  metallurgical  requirements  of  this  process, 
the  product  is  unsuitable  for  such  a  large  variety  of  applications 
as  sheets  rolled  separately  and  heat-treated  in  packs.  Many  of  the 
difficulties  experienced  by  users  have  been  overcome  by  the  steel 
mill  employing  metallurgist-salesmen  who  are  able  to  understand 
these  difficulties  and  trace  the  cause. 

Ckmtribation  on  the  Investigation  of  the  Slip  of  Friction-Boll 
Drives.  0.  Meurer.  (Stahl  imd  Eisen,  1941,  vol.  61,  Jan.  2,  pp. 
13-16).  The  author  describes  some  of  the  d^culties  which  arise 
in  the  roll  of  steel  strip  in  a  two-high  stand  when  one  roll  is  power- 
driven  and  the  other  is  rotated  by  friction  in  contact  with  the  strip. 
He  describes  a  mechanical  slip-measuring  device  with  which  he 
investigated  the  factors  afiecting  the  amount  of  slip  of  the  idle 
roll  of  a  small  mill-stand  when  rolling  strip  80-100  mm.  wide  down 
to  1  nmi.  It  was  found  that  the  type  and  condition  of  the  roll 
bearings  were  an  important  factor.  The  use  of  roller  bearings  or 
the  constant  and  careful  maintenance  of  synthetic-resin  bea^rings 
lubricated  with  an  emulsion  considerably  reduced  the  amount  of 
sUp.  A  heavy  reduction  and  a  soft  strip  of  small  cross-section  were 
factors  which  reduced  the  slip.  The  rolling  speed  had  practically 
no  effect. 

Demagnetizing  and.//?  Drop  Compensation  for  Cold  Mills.  G.  E. 
Stoltz.  (Iron  and  Steel  Engineer,  1941,  vol.  18,  Feb.,  pp.  17-24). 
In  the  cold-rolling  of  steel  strip,  the  amount  of  reduction  depends 
on  both  the  roll  pressure  and  the  tension  on  the  strip.  The  latter  is 
a  function  of  the  difference  between  the  driving  speeds  of  the  mill- 
stands,  and,  special  attention  has  therefore  to  be  paid  to  methods  of 
controlling  the  speed  of  the  mill  motors.  In  the  present  paper  the 
author  describes  methods  of  controlling  the  following  factors  which 
affect  the  variations  in  speed  of  a  direct- current  motor  with  change 
in  the  load  :  (1)  The  voltage  drop  caused  by  the  internal  resistance 
of  the  armature  circuit ;  (2)  the  occiurence  of  a  magnetic  flux  across 
the  armature  ;  and  (3)  the  reduction  in  magnetisation  of  the  main 
shunt  field  due  to  over-compensation  of  the  comYnutating  pole 
windings. 

Deagn  and  Operation— Continuous  Butt  Weld  Pipe-Mills.    J.  H. 

Loux  and  E.  T.  Trebilcock.  (Iron  and  Steel  Engineer,  1941,  vol.  18, 
Feb.,  pp.  44-62).  The  authors  give  a  detailed  description  of  the 
Fretz-Moon  process  of  manufacturing  butt-welded  steel  tubes.    In 
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the  years  1938,  1939  and  1940  ten  tube-mills  operating  this  process 
have  been  erected  in  the  United  States ;  the  authors  give  details  of 
the  capacity  of  these  mills  and  draw  attention  to  the  improvements 
which  have  been  incorporated  from  time  to  time. 

HEAT  TREATMENT 


(Continued  from  pp.  161  a-165  a) 

Improved  Facilities  for  the  Mannfactiire  of  Heat  Treatment 
EQiiipment.  (Metallurgia,  1941,  vol.  23,  Feb.,  pp.  93-94).  A  brief 
description  is  given  of  the  plant  and  testing  equipment  at  the  new 
works  of  Wild-Barfield  Electric  Furnaces,  Ltd.,  at  Holloway,  where 
electric  furnaces  for  the  heat  treatment  of  metals  are  manufactured. 

Rationalisation  of  the  Technology  of  Heating  and  Developments 
of  Heat-Treatment  Furnaces.  N.  Minkevich.  (Stal,  1940,  No.  1, 
pp.  32-39).  (In  Russian).  The  author  presents  a  critical  survey 
of  the  theory  of  heat-treatment  furnaces  and  present  trends  in  their 
development.  Stakhanovite  methods  of  improving  and  speeding-up 
-furnace  outputs  include  mainly  an  intensification  of  the  heat  supply 
and  heating  rates  diuing  the  first  part  of  the  heating-up  stage,  in- 
creases in  lumace  charges  and  suitable  modifications  or  amplifica- 
tions of  the  method  of  heating.  The  concluding  part  of  the  article 
includes  some  illustrated  descriptions  of  present-day  heat-treatment 
furnaces  in  the  United  States. 

Special  Heat-Treating  Furnace  for  Military  and  Other  Parts. 
H.  C.  Knerr.  (Metals  and  Alloys,  1941,  vol.  13,  Jan.,  pp.  49-60). 
The  author  describes  a  new  furnace  for  the  heat  treatment  of  small 
metal  parts.  The  furnace  embodies  an  inverted  metal  retort,  the 
heating  space  of  which  is  about  4  ft.  high  and  10  in.  in  dia.  The 
retort  is  closed  by  a  sealed  door  at  the  bottom,  and  heat  is  applied 
externally  by  means  of  a  gaseous  fuel,  so  that  the  products  of  com- 
bustion do  not  come  in  contact  with  the  heat-treated  material.  A 
rod  of  heat-resisting  alloy  passes  through  a  stuffing-box  in  the  upper 
end  of  the  retort  and  it  can  be  moved  up  and  down  by  means  of  a 
winch  and  cable.  The  parts  to  be  heat-treated  may  be  attached  to 
a  fixture  on  the  lower  end  of  the  rod  and  thereby  pulled  up  into  the 
furnace,  where  they  remain  freely  suspended  diu*ing  heating.  When 
ready  for  quenching,  the  rod  is  lowered  so  that  the  charge  moves 
directly  out  of  the  bottom  of  the  furnace  into  the  quenching  tank 
beneath.  The  atmosphere  of  the  furnace  consists  of  completely 
dissociated  anhydrous  ammonia.  The  furnace  can  be  used  at  up  to 
1950°  F.,  so  that  it  is  suitable  for  nearly  all  ferrous  and  non-ferrous 
alloys,  with  the  exception  of  high-speed  steel.  The  furnace  is  also 
suitable  for  bright-annealing,  and  in  this  case  the  materials  are 
allowed  to  remain  in  the  protective  atmosphere  until  they  are  cold. 

Small  Furnace  with  Panel  Burners.    C.  B.  Williams.    (Metal 
Progress,   1941,  vol.  39,  Jan.,  pp.  61-63).    The  author  gives  a 
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detailed  description  of  a  batch  furnace  with  a  hearth  36  in.  x  48  in. 
for  the  heat  treatment  of  alloy  steels.  The  furnace  is  fired  with  a 
natural-gas/air  mixture  through  "  radiant  combustion "  bimierB 
9  in.  X  18  in.  in  area  placed  in  the  walls. 

Electrical  Resistance  Furnaces  for  High  Temperatnzes.  P. 
Schwarzkopf.  (Metals  and  Alloys,  1941,  vol.  13,  Jan.,  pp.  45-49). 
After  revieiiiing  the  different  types  of  electrical  resistance  furnaces 
for  high  temperatures,  with  particular  reference  to  the  heating 
elements  used  in  them,  the  author  deals  at  some  length  with  Stratit 
heating  elements,  lliese  elements  consist  of  rods  or  wtres  of 
molybdenum  or  tungsten,  which  are  built  into  vacuum-tight 
ceramic  tubes.  The  rods  or  wires  are  made  by  the  usual  procedure. 
I.e.,  by  pressing  and  sintering  the  powdered  metal.  The  ceramic 
tubes  must  bo  made  in  such  a  manner  that  their  internal  8ur£Bkces 
do  not  react  with  the  metallic  conductor,  and  it  was  found 
advisable  to  use  pure  alumina  or  beryllium  oxide  for  the  inner 
layer  nearest  to  the  metal.  For  the  outer  layer  sillimanite  proved 
to  be  very  suitable.  In  conclusion  the  author  states  that  tne  cost 
of  Stratit  elements,  and  of  their  operation,  compares  favour- 
ably with  any  other  element  used  in  practice.  It  is  expected 
that  these  elements  will  shortly  be  available  to  industrial 
users. 

The  Deep-Cementation  of  Chromium-Molybdenum-  and  Chrom- 
ium-Manganese Cbute-HEtrdening  Steels  in  Salt  Baths.    H.  Dier- 
pirten.     (Stahl  und  Eisen,  1940,  vol.  60,  Nov.  14,  pp.  1027-1035). 
In  the  case-hardening  of  chromium-molybdenum  and  chromium- 
manganese  steels  to  depths  of  1-2-2-0  mm.  it  was  observed  that 
lartre  round  carbide  particles  were  formed,  which  led  to  grinding 
ciifiieulties  and  to  a  deterioration  in  the  strength  of  the  steel.     In 
the  present  paper  the  author  describes  an  investigation  of  the  case- 
hardening  properties  of  two  types  of  0-2%  carbon  steels,  ope  con- 
tainine  manganese  0-8-1-2%,  chromium  1-0-1-4%  and  molybdenum 
O-2-0-3^p»   i^J^d   the   other,   manganese    1-1-1-5%   and   chromium 
0-8-1-5%.     From  the  results  obtained  the  author  found  that  a 
second  treatment  for  20  min.  at  900-930''  C.  in  a  bath  of  a  neutral 
salt  brought  the  coarse  carbide  into  solution  and  that  it  did  not 
reform   with   the  subsequent   hardening  treatment.     The  surface 
hardness  and  the  strength  of  the  core  also  remained  unaffected  by 
this  double  salt-bath  treatment.     One  difficulty  did,  however,  arise, 
tor,  after  treatment  in  this  mamier,  it  wa*^  found  that  internal  cracks 
were  formed  which,  on  closer  investigation,  proved  to  be  flakes.     The 
occurrence  of  these  flakes  was  found  to  be  due  to  the  steel  having 
absorbed  hydrogen  from  the  salt-baths.     It  is  therefore  essential  to 
see  that  the  salt-baths  are  free  from  both  hydrogen  and  water. 
Another  way  of  preventing  the  formation  of  flakes  is  to  cool  the 
stet^l  slowly  (but  not  so  slowly  as  to  permit  of  a  cementite  network 
forming),  or  to  quench  it  in  a  salt  bath  at  220-230'*  C.  instead  of 
in  water  or  in  oil. 
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The  Case-Sardening  of  Stainless  Chromitim  Steels.  R.  Weihrioh. 
,  (Stahl  und  Eisen,  1941,  vol.  61,  Jan.  23,  pp.  83-84).  The  author 
discusses  the  problem  of  case-hardening  stainless  steel  containing 
about  15%  of  chromium.  Attempts  to  case-harden  this  steel  in  the 
ordinary  commercial  compoimds  at  temperatures  under  1000^  C. 
have  not  been  successful,  because  the  case  produced  was  not  uni- 
form and  the  corrosion  resistance  of  the  metal  was  in  part  destroyed. 
This  steel  can,  however,  be  case-hardened  by  holding  for  6  hr.  at  a 
temperature  of  920-950°  C.  in  freshly  prepared  charcoal  which  has 
beet  activated  by  heating  to  800-900**  C.  with  the  exclusion  of  air ; 
after  the  case-hardening,  the  steel  should  be  quenched  in  oil  &om 
about  1020°  C.  with  or  without  an  intermediate  anneal.  A  surface 
hardness  of  Rockwell  C  57-69  can  be  produced  in  this  way,  and  the 
corrosion  resistance  remains  unimpaired.  The  case-hardened  stain- 
less steels  are  suitable  for  the  dies  used  in  the  manufactiu*e  of  syn- 
thetic-resin articles. 

Recent  Investigations  of  the  Dry  Cyaniding  Process.  D.  W. 
Rudorff.  (Metallurgia,  1941,  vol.  23,  Feb.,  pp.  99-102).  The 
author  surveys  some  of  the  results  obtained  in  investigations  of  the 
properties  of  the  case  produced  by  the  dry-cyaniding  process,  which 
consists  of  passing  a  carbmrising  gas  and  anmionia  over  the  heated 
steel  parts  (see  Joum.  I.  and  S.I.,  1938,  No.  II.,  p.  361  a).  Experi- 
mental work  by  Prosvirin  (see  Jpwm,  I.  and  S.I.,  1939,  No.  II., 
p.  150  a),  using  the  three  following  methods  of  supplying  the  gases  : 
(a)  Separate  admission  to  the  muffle  through  iDdividual  supply 
connections ;  (6)  joint  admission  of  the  gases  in  the  mixed  state ; 
and  (c)  alternating  admission  of  the  two  g£tses,  showed  that  the 
degree  of  hardness  obtained  was  identical  in  all  three  cases,  but 
method  (6)  produced  the  greatest  depth  of  case.  Examination 
with  the  microscope  and  chemical  analyses  demonstrated  that,  with 
this  treatment,  the  nitrogen  penetrated  the  steel  to  a  considerably 
greater  depth  than  the  depth  of  case  revealed  mxder  the  microscope. 
Another  series  of  tests  to  determine  the  influence  of  the  time  of 
treatment  on  the  depth  of  case  obtained,  showed  that  the  depth 
increased  linearly  with  increasing  time,  whereas  with  liquid  cyaniding 
the  rate  of  penetration  does  not  remain  constant,  but  decreases. 
The  explanation  given  for  this  is  that,  at  temperatures  below  the 
Acg  point,  the  diffusing  power  of  nitrogen  is  considerably  greater 
than  that  of  carbon,  so  that  the  surface  first  becomes  saturated  with 
nitrogen,  and  this  leads,  as  the  treatment  continues,  to  a  depression 
of  the  Ac3  point,  and  the  a-iron  changes  to  y-iron ;  in  this  state  the 
conditions  for  the  penetration  of  carbon  are  greatly  improved,  and 
it  is  this  increase  in  the  depth  of  the  pearlitic  case,  not  the  increase 
in  total  case  depth,  which  becomes  visible  under  the  microscope. 

On  the  Cause  of  the  Formation  of  Abnormal  Stmctore  in  Car- 
borized  Steels.  K.  Iwase  and  M.  Homma.  (Nippon  Kinzoku 
Gakkai-Si,  1940,  vol.  4,  Nov.,  pp.  351-362).  (In  Japanese).  The 
authors  discuss  two  theories  which  have  been  advanced  to  account 


216  A  WBLBING  AND   CUTTING. 

for  the  formation  of  the  abDormal  structure  and  soft  spots  frequently 
found  in  carbunsed  hypereutectoid  steels.  These  are :  (1)  The 
oxygen  theory,  which  is  based  on  the  fact  that  the  structure  of  steel 
"'  becomes  abnormal  when  it  is  carburised  with  an  agent  containing 
oxygen,  whikt  when  a  hydrocarbon  agent  is  used  the  structure  is 
normal ;  and  (2)  the  high-purity  iron  theory,  recently  developed  in 
Germany,  which  is  based  on  the  fact  that  very  pure  carbonyl  or 
electrol3rtic  iron  has  an  abnormal  structure  after  carburisation. 

name-Hardening  Equipmeni  (Metallurgia,  1941,  vol.  23,  Feb., 
pp.  127-128).  Descriptions  and  illustrations  are  given  of  a  number 
of  flame-hardening  machines  for  surface-hardening  by  the  Shorter 
process.     (See  Joum.  I.  and  S.I.,  1940,  No.  II.,  p.  148  a). 


WELDING  AND  CUTTING 


(Continued  from  pp.  166  a-173  a) 

The  Electro-llagnetic  Stirring  Action  in  a  Spotweld.    A.  M. 

Unger,  H.  A.  Matis  and  W.  A.  Knocke.  (Welding  Journal,  1941, 
vol.  20,  Jan.,  pp.  42-47).  The  authors  examine  the  properties  of 
spot  welds  in  dissimilar  metals  made  at  different  temperatures. 
The  metals  chosen  were  Cor-tea,  a  low-alloy  high-tensile  steel, 
and  18/8  stainless  steel,  because  these  etched  in  different  ways, 
and  an  examination  of  a  section  through  a  spot  weld  would  reveal 
to  what  extent  one  metal  had  migrated  into  the  other.  It  is  well 
known  that  the  flow  of  ciurent  through  molten  metal  causes  a 
stirring  action  in  accordance  with  Fleming*s  left-hand  rule.  By 
examining  sections  of  spot  welds  made  with  different  current 
durations  the  successive  stages  of  migration  of  the  stainless  steel 
into  the  Cor-ten  could  be  studied.  In  welds  made  with  sufficient 
current  strength  and  duration  of  flow  to  melt  both  metals,  these 
were  well  mixed,  as  was  shown  not  only  by  the  etching,  but  also  by 
the  fact  that  the  chemical  composition  of  the  mixtiu*e  represented 
the  average  of  the  analyses  of  the  two  separate  alloys.  Welds  of 
this  kind  were  hard,  brittle  and  definitely  martensitic  in  character. 
A  further  series  of  tests  was  made  with  welds  in  which  the  timing 
was  adjusted  so  as  to  bring  the  alloys  up  to  the  plastic  stage ;  this 
was  done  by  arranging  two  brief  cooling  periods  by  means  of  an 
interruptor  in  the  circuit.  Because  of  the  different  thermal  con- 
ductivities of  the  alloys,  it  was  possible  by  this  technique  to  bring 
the  stainless  steel  up  to  the  plastic  condition  before  the  Cor-ten. 
Hardness  tests  and  examination  of  the  microstructure  of  spot  welds 
made  in  this  way  proved  that  no  migration  of  metal  and  only  the 
customary  incerase  in  hardness  had  taken  place.  In  discussing  the 
results  of  this  investigation  the  authors  state  that  it  proved  the 
necessity  of  considering  what  type  of  alloy  would  result  from  the 
welding  of  two  dissimilar  metals  or  alloys,  and  if  the  mixture  were 
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a  brittle  alloy,  a  technique  must  be  developed  which  enabled  the 
weld  to  be  made  in  the  plastic  stage. 

A  Defect  in  Mild-Steel  Welds  Due  to  Non-Metallic  Indiudons  in 
the  Parent  MetaL  L.  E.  Benson.  (Iron  and  Steel,  1941,  vol.  14, 
Feb.,  pp.  181-184).  The  author  reports  on  an  investigation  of  the 
causes  of  pecuHar  crater-hke  defects  appearing  in  the  fracture  when 
testing  welded  specimens.  This  paper  appeared  previously  in 
Transactions  of  the  Institute  of  Welding,  1940,  vol.  3,  Oct.,  pp. 
215-218.     (See  p.  102  a). 

British  Standard  Spedflcation  for  Metal  Arc  Welding  as  Applied 
to  Tubular  Steel  Stmctnral  Members.  (British  Standards  Institu- 
tion No.  938-1941).  British  Standard  No.  638  provides  for  the 
welding  of  mild  steel  in  general  building  construction,  and  excludes 
the  welding  of  tubular  steel  sections  ;  the  present  standard  specifica- 
tion fills  the  gap  which  was  thus  left  and  gives  details  of  the  design 
and  procedure  for  making  the  following  butt- welded  joints  in  tubes 
ujj^  to  6  in.  in  dia.  :  square,  single-V,  single-U,  single-J  and  single- 
bevel. 

MACHINING 


(Continued  from  pp.  129  A- 130  a) 

Surface  Quality  of  an  S-AJS.  8140  SteeL  0.  W.  Boston  and 
W.  W.  Gilbert.  (Mechanical  Engineering,  1940,  vol.  62,  Nov., 
pp.  786-789).  The  authors  report  on  a  series  of  machining  tests, 
the  object  of  which  was  to  determine  the  influence  of  the  cutting 
speed,  the  cooling  agent  and  the  heat  treatment  on  the  machined 
surface  of  specimens  of  steel  8,  A .  j^.  3140.  The  steel  tested  contained 
carbon  0-42%,  siUcon  0-17%,  nickel  1-41%,  chromium  0-61%» 
sulphur  0-021%,  phosphorus  0-017%  and  manganese  0-69%.  Their 
general  conclusions  were :  ( 1)  At  low  cutting  speeds  the  surface  quaUty 
of  the  above  steel  in  a  normalised  and  annealed  state,  machined 
without  a  cooling  agent,  was  poor,  but  it  improved  greatly  as  the 
speed  was  increased  ;  (2)  the  dififerent  cooling  agents  used  had  httle 
effect  on  the  finished  surface  as  long  as  the  cutting  speed  was  high, 
but  at  low  cutting  speeds  the  surface  produced,  using  a  sulphurised 
mineral    oil,   was    better    than   that    produced    without  cooling ; 

(3)  the  optimum  cutting  speed  for  the  several  structures  tested 
was  lowest  on  the  hardest  steel  and  highest  on  the  softest  steel ;  and 

(4)  at  cutting  speeds  above  the  optimum,  changes  in  the  speed,  the 
cooling  agent  or  the  structure  had  httle  effect  on  the  quaUty  of 
the  surface. 

Tests  Tell  the  True  Story  of  Machinability.  J.  P.  Walsted. 
(Steel,  1941,  vol.  108,  Feb.  17,  pp.  76-78).  The  author  describes  a 
simple  and  practical  method  of  testing  the  machinabiUty  of  cast 
iron.  The  machinability  index  is  based  on  the  time  taken  to  drill  a 
|-in.-dia.  hole  in  inches  per  minute,  and  great  care  is  taken  to 
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standardise  the  conditions.  The  conditions  which  the  author 
has  found  to  be  suitable  are :  (a)  Drill  speed :  490  r.p.m. ; 
(6)  pressure  on  the  drill  point:  60  lb.;  (c)  point  angle:  US'"; 
(d)  the  drills  are  ground  on  a  new  machine  with  the  same 
setting  by  the  same  operator;  and  (e)  the  time  taken  to  drill 
a  hole  i  in.  in  depth  is  taken  with  a  stop-watch.  The  results 
of  some  tests  on  new  iron  and  on  some  26-year-old  castings  are 
presented. 

Anti-Aircraft  Giin  Banels.  (Machinist,  1941,  vol.  84,  Mar.  15, 
pp.  1070-1079).  A  detailed  and  illustrated  description  is  given  of 
the  turning,  boring  and  milling  procedure  adopted  by  a  Canadian 
engineering  works  for  the  manufacture  of  Bofors  anti-aircraft  gun 
barrels  from  forgings. 

PROPERTIES  AND  TESTS 


(Continued  from  pp.  182  a-186  a)' 

The  Strength  Features  of  the  Tension  Test.  F.  B.  Seely.  (Pro- 
ceedings of  the  American  Society  for  Testing  Materials,  1940,  vol. 
40,  pp.  535-550).  The  author  explains  and  discusses  the  nature  of 
the  movement  which  takes  place  within  polycrystalline  aggregates 
during  tensile  tests.  He  differentiates,  with  particular  reference  to 
steel,  between  plastic  deformation  accompanied  by  strain-hardening 
and  failure  by  brittle  fracture  as  a  result  of  the  cohesive  strength  of 
the  material  being  exceeded.  Reference  is  made  to  the  influence  of 
the  state  of  stress,  the  rate  of  increasing  strain,  strain-hardening  and 
temperature  changes  on  these  two  types  of  fracture,  and  an  outline 
of  a  testing  procedure  for  steel  is  given,  the  object  of  which  is  to 
demonstrate  how  these  factors  can  change  the  mode  of  failure  frt)m 
plastic  yielding  to  brittle  fracture. 

Spe^  in  Tension  Testing  and  Its  Influence  on  Yield  Point  Values. 
L.  H.  Fry.  (Proceedings  of  the  American  Society  for  Testing 
Materials,  1940,  vol.  40,  pp.  625-636).  The  author  analyses  the 
results  of  over  300  tensile  tests  made  at  various  rates  of  extension  • 
and  on  different  types  of  testing  machines  to  determine  how  this  rate 
affects  the  yield-point  value.  His  conclusions  from  this  analysis 
were :  (1)  Yield-point  values  determined  under  normal  conditions  of 
routine  testing  show  a  scatter  considerably  greater  than  that  attribu- 
table to  variations  in  the  quality  of  the  material ;  such  variations  . 
are  undoubtedly  due  to  variations  in  stress  concentrations  during 
testing ;  (2)  yield-point  values  tend  to  increase  with  increasing 
rate  of  extension — this  increase  is  related  directly  to  the  rate  of 
extension  and  only  indirectly  to  the  rate  of  travel  of  the  cross-head 
of  the  machine ;  (3)  generally  speaking,  the  yield-point  value 
increases  in  a  straight  line  with  the  logarithm  of  the  rateof  extension ; 
(4)  There  is  some  indication  that  for  the  same  increase  in  the  rate 
of  extension,  the  rise  in  the  yield-point  values  is  less  rapid  with 
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specimens  of  8-in.  gauge  length  than  with  those  of  2-in.  gauge 
length  ;  (5)  only  a  small  fraction  of  the  cross-head  travel  is  revealed 
as  strain  in  the  specimen — ^the  proportion  of  strain  to  cross-head 
travel  varies  during  a  test  as  the  load  is  increased,  but  is  unaffected 
by  the  rate  of  cross-head  travel. 

The  Limited  Significance  of  the  Ductility  Featnies  of  the  Tensile 
Test.  H.  W.  Oillet.  (Proceedings  of  the  American  Society  for 
Testing  Materials,  1940,  vol.  40,  pp.  551-575).  The  author  discusses 
the  relative  importance  of  the  elongation,  reduction-of-area,  yield 
point  and  ultimate  strength  of  a  steel  when  assessing  its  usefulness 
for  a  particular  application. 

An  Investigation  of  the  Effect  of  Bate  of  Strain  on  the  Results 
of  Tension  Tests  of  Metals.  P.  6.  Jones  and  H.  F.  Moore.  (Pro- 
ceedings of  the  American  Society  for  Testing  Materials,  1940,  vol. 
40,  pp.  610-624).  The  authors  describe  an  investigation  of  the 
effects  of  v£u:iations  in  the  rate  of  strain  on  the  values  obtained  for 
the  tensile  strength  of  four  ferrous  and  ten  non-ferrous  metals. 
The  ferrous  metals  tested  were :  (a)  A  0-45%  carbon  steel ;  (6)  a 
0*20%  carbon  steel ;  (c)  18/8  stainless  steel ;  and  (d)  a  steel  con- 
taining 0-41%  of  copper  and  1'01%  of  chromium.  The  apparatus 
used  comprised  a  100-ton  Riehl6  screw-pattern  testing  machine 
with  an  electric  resistance  extensometer  incorporating  an  oscillo- 
graph, which  recorded  the  extension  with  a  high  degree  of  sensi- 
tivity. It  was  found  that,  for  steel  specimens,  "doubling  the  rate 
of  extension  did  not  raise  the  tensile  strength  values  by  more 
than  1%,  and  the  elongation  and  reduction  of  area  by  more  than 
3%.  In  the  case  of  stainless  steel,  doubling  the  rate  of  extension 
increased  the  yield  point  and  the  tensile  strength  by  1*8%  and 
0-5%,  respectively,  and  decreased  the  elongation  on  2  in.  and  the 
percentage  reduction  of  area  by  3-7%  and  2'3%,  respectively. 

On  the  Serrated  Elongation  in  Different  Metals.  T.  Sutoki. 
(Nippon  Kinzoku  Gakkai-Si,  1940,  vol.  4,  Oct.,  pp.  315-324).  (In 
Japanese).  The  author  gives  an  account  of  his  investigation  of  the 
elongation  of  carbon  and  alloy  steels,  and  of  single  crystals  of  iron, 
duralumin,  brass,  copper,  nickel,  aluminium  and  zinc  at  tempera- 
tures ranging  from  that  of  Hquid  nitrogen  up  to  red  heat,  with 
special  reference  to  the  fluctuations  in  the  stress-strain  diagram  for 
steel  between  the  yield  point  and  fracture. 

Mechanical  Properties  of  Gray  Cast  Iron  in  Torsion.  J.  O. 
Draffin,  W.  L.  Collins  and  C.  H.  Casberg.  (Proceedings  of  the 
American  Society  for  Testing  Materials,  1940,  vol.  40,  pp.  840- 
846).  The  authors  investigated  the  mechanical  properties  of  hollow 
grey  cast-iron  cylinders  with  outside  diameters  of  3 J  in.  and  4 J  in. 
and  wall  thicknesses  ranging  from  0-10  in.  to  0-70  in.  The  results 
corroborated  those  obtained  in  earlier  torsional  tests  on  small  soHd 
and  hollow  cylinders.  The  graph  of  the  modulus  of  rupture  against 
the  tensile  strength  gave  a  fairly  smooth  curve,  the  modulus  chang- 
ing &om  1*36  times  the  tensile  strength  for  a  solid  cylinder  to  0-73 
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times  the  tensile  strength  for  a  hollow  cylinder  with  a  wall-thickness/ 
outside-radius  ratio  of  0-057. 

Drill-Steel  Shanks  and  Stiiking-Eaoe  Failures.  F.  R.  Anderson. 
(Engineering  and  Mining  Journal,  1941,  vol.  142,  Jan.,  pp.  40-43). 
The  author  describes  and  illustrates  a  number  of  different  types  of 
failure  which  frequently  occur  at  the  striking  face  of  power-driven 
hammers  and  rock-drill  shanks.  From  an  examination  of  these  it 
is  seen  that,  to  obtain  the  maximum  service  life  of  these  parts,  it 
is  essential  that  the  maximum  possible  area  of  contact  is  main- 
tained, and  that  the  hardness  of  the  drill  shank  is  less  than  that  of 
the  piston  or  tappet  which  delivers  the  blow. 

Fatigue  Tests  on  Zinc-Coated  Steel  Wire.  D.  6.  Watt.  (Pro- 
ceedings  of  the  American  Society  for  Testing  Materials,  1940,  vol. 
40,  pp.  717-729).  The  author  describes  an  investigation  of  the 
fatigue  properties  of  galvanised-steel  wire  of  three  types  with  tensile 
strengths  of  98-110,  76-86  and  49-54  tons  per  sq.  in.,  respectively. 
He  came  to  the  following  conclusions  from  the  data  obtained.: 
(1)  Within  the  limits  of  tensile  strength  investigated,  ».e.,  49  to  110 
tons  per  sq.  in.,  the  endurance  limits  of  the  zinc-coated  wire 
increased  with  the  tensile  strength,  but  the  endurance  ratios 
diminished ;  (2)  hot-dip  galvanising  reduced  the  endurance  limit 
of  the  patented  wire  by  16'4-28-4% ;  (3)  the  coating  thickness 
had  no  perceptible  influence  on  the  endurance  limit ;  (4)  reduction 
by  drawing,  within  the  range  of  wire  sizes  studied,  increased  the 
endurance  limit  of  the  wire  in  both  the  patented  and  the  galvanised 
states ;  (6)  steel  wires  of  all  three  types,  galvanised  by  electroljrtic 
processes,  had  somewhat  higher  endurance  ratios  than  wires  gal- 
vanised by  hot-dip  methods ;  and  (6)  in  the  fatigue  testing  of  hot- 
dip  galvanised  wire,  closely  spaced  hair-line  cracks  developed,  but  no 
evidence  of  such  cracks  could  be  found  in  electroljrtically  coated 
wire  tested  in  the  same  manner. 

Rockwell  Hardness  of  Cylindrical  Specimens.  W.  £.  Ingerson. 
(Bell  Telephone  System  Technical  Publications,  1940,  Monograph 
B-1229).  A  theoretical  method  for  correcting  the  apparent  Rock- 
well hardness  numbers  obtained  on  cylindrical  specimens  using  a 
ball  penetrator  is  developed.  The  deviation  of  apparent  from  true 
hardness  is  found  to  vary  approximately  linearly  with  the  depth  of 
impression  for  a  given  specimen  diameter,  and  this  deviation  is 
calculated  for  various  specimen  diameters  between  ^  in.  and 
1  in. 

Analysis  of  Rockwell  Hardness  Data.  R.  L.  Peek,  jun.,  and 
W.  E.  Ingerson;  (Bell  Telephone  System  Technical  Publications, 
1940,  Monograph  B-1230).  The  authors  analyse  Rockwell  hardness 
data  in  order  to  correlate  readings  made  with  dififerent  loads  and 
ball  diameters  and  to  simplify  the  relation  between  hardness  and 
tensile-strength  measurements.  They  conclude  that,  for  the  Rock- 
well hardness  test  on  homogeneous  materials  of  the  types  studied, 
the  relation  between  the  difference  in  penetration  (A),  the  major 
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and  minor  loads  ( W  and  PTq,  respectively),  and  tensile  strengths  for 
ball  diameter  Z>,  is  given  by  the  equation 

h  _  (C{W  -  W^)yi^ 
D~\8D*) 

where  C  and  m  are  constants  of  the  material.  The  quantity  m  —  1 
is  a  measure  of  the  work-hardening  properties  of  the  material 
similar  to  the  quantity  n  —  2  in  the  Meyer  analysis  of  the  Brinell 
test.  They  also  observed  that  indentation  hardness  readings  are 
affected  by  the  thickness  of  the  specimen  when  the  penetration  is 
half  the  thickness  or  more.  Evidence  o^  this  effect  is  given  by  a 
departure  from  a  straight-line  relation  in  the  plot  on  loganthmic 
paper  oi  (W  —  Wq)/D^  against  h/D, 

Ontieal  Protractor  and  Brinell  Microsoope.  (Engineering,  1941, 
vol.  161,  Mar.  14,  p.  210).  Descriptions  are  given  of  two  new  types 
of  instrument  which  are  now  available  for  inspection  and  harchiess 
testing.  The  first  instrument  is  an  optical  protractor  for  deter- 
mining angles  in  finished  work  or  for  setting  work  to  a  required 
angle.  It  is  claimed  that  imskilled  operators  can  quickly  learn  to 
make  readings  and  settings  to  a  degree  of  accuracy  comparable 
with  those  obtained  by  a  5-in.  sine  bar  in  the  hands  of  a  skilled 
operator.  The  second  instrument  is  a  microscope  for  measuring 
the  diameter  of  Brinell  hardness  impressions.  The  magnification 
is  20  diameters.  The  field  covered  is  approximately  8*2  mm.,  and 
the  scale  of  the  eye-piece  is  calibrated  to  read  the  diameter  of  the 
impression  in  tenths  of  a  millimetre. 

The  End-Qaench  Test  for  Evaluating  Heats  of  Steel.  A.  P. 
Terrile  and  P.  R.  Brucker.  (Metal  Progress,  1941,  vol.  39,  Jan., 
pp.  37-42).  The  authors  describe  how  the  end-quench  harden- 
ability  test  of  Jominy  and  Boegehold  (see  Joum.  I.  and  S.  I.,  1938, 
No.  II.,  p.  378  a)  has  been  appHed  by  the  Pittsburgh  Crucible  Steel 
Co.  to  provide  a  means  of  evaluating  the  hardenability  of  the  centre 
of  bars  of  water-  and  oil-hardening  S.A.E.  steels  of  various  diameters. 
The  hardenability  numbers  adopted  by  this  company  represent  the 
distance  from  the  end  of  a  Jominy  specimen,  expressed  in  sixteenths 
of  an  inch,  at  which  the  hardness  is  Rockwell  C  50.  From  the  data 
obtained  by  many  tests,  curves  have  been  prepared  which  demon- 
strate the  relation  between  this  hardenability  number  and  the 
diameter  of  round  steel  bars  which  have  an  equivalent  cooling  rate 
at  the  centre  when  quenched  in  water,  or  oil,  or  when  cooled  in  air. 
A  further  series  of  experiments  on  steels  tempered  at  various 
temperatures  was  made  to  show  the  reduction  in  hardness  after 
tempering  at  points  with  a  hardness  of  Rockwell  C  50  in  the  as- 
quenched  state.  The  authors  also  give  some  practical  examples  of 
the  application  of  the  relationships  thus  established  to  the  control 
of  the  steelraaking  process,  with  the  object  of  ensiuing  the  pro- 
duction of  a  steel  with  the  desired  hardenabiUty. 

Investigation  of  Abrasion  of  Carbon  Steels  for  Gear  MateriaL 
S.  Saito  and  N.  Yamamoto.     (Nippon  Kinzoku  Gakkai-Si,  1940, 
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vol.  4,  Sept.,  pp.  297-304).  (In  Japanese).  The  authors  report  on 
an  investigation  of  the  abrasion  resistance  of  a  number  of  steels 
with  from  0-2%  to  0-7%  of  carbon,  the  object  of  which  was  to 
study  the  influence  of  the  carbon  content  and  the  heat  treatment. 
When  the  heat  treatment  was  regulated  to  give  the  specimen  a 
Shore  hardness  of  60,  it  was  observed  that  the  low-carbon  steels 
had  superior  tensile  and  impact  properties  to  the  high-carbon 
steels. 

Study  of  the  Effects  of  Variables  on  the  Cieep-Aesistance  of 
Steels.  H.  C.  Cross  ai\d  J.  6.  Lowther.  (Proceedings  of  the 
American  Society  for  Testing  Materials,  1940,  vol.  40,  pp.  125-153). 
The  authors  report  on  some  research  work  carried  out  at  the  Battelle 
Memorial  Institute  to  study  the  relative  creep-resistance  of  fine  and 
coarse-grained  iron  and  steels  and  to  detemune  how  the  deoxidation 
practice  applied  in  the  steelmaking  process  influenced  the  creep 
strength.  The  materials  tested  were  :  (a)  a  very  pure  iron ;  (6)  a 
very  pure  iron  with  an  addition  of  0*5%  of  silicon ;  (c)  a  rimmed 
steel  with  0'06-0'08%  of  carbon;  (d)  a  steel  similar  to  (c)  but 
killed  with  silicon ;  (e)  a  rimmed  steel  with  carbon  0*16-0*26% ; 
and  (/)  four  killed  steels  with  carbon  0*14-0*17%.  The  fine-  and 
coarse-grained  structures  were  produced  by  appropriate  heat  treat- 
ments. The  creep  tests  were  made  at  860°  F.  The  heat  treatment 
which  produced  coarse  grains  in  materials  (a)  and  (6)  improved  the 
creep-resistance.  The  silicon-killed  steels  had  consistently  better 
creep-resistance  than  the  rimmed  steel,  and  this  applied  to  both 
fine-  and  coarse-grained  material.  With  regard  to  the  steels  con- 
taining about  016%  of  carbon,  in  the  fine-grained  condition,  the 
silicon-killod  steel  and  the  silicon -aluminium-killed  steel  to  which 
1  lb.  of  aluminium  per  ton  had  been  added,  had  creep-resistance 
properties  far  superior  to  those  of  similar  steel  killed  with  2  lb.  of 
aluminium  per  ton  either  with  or  without  silicon.  All  the  steels, 
which,  in  their  heat  treatment  were  cooled  in  air  from  a  tempera- 
ture producing  coarse  grains,  had  better  creep-resistance  than 
those  cooled  in  air  from  temperatures  producing  fine  grains,  the 
greatest  improvement  being  observed  in  the  aluminium-killed 
steels. 

Inflaence  of  the  Oxygen  Content  on  the  Overheating  Sensitiyity 
and  the  Stmctnral  Abnormality  of  SteeL  R.  Ziegler.  (Stahl  und 
Eisen,  1941,  vol.  61,  Jan.  9,  pp.  43-44).  The  author  describes  some 
experiments  undertaken  to  test  the  sensitivity  to  overheating  of 
specimens  of  basic  electric-furnace  steel  killed  with  different  amounts 
of  aluminium.  The  results  showed  that  the  annealing  temperature 
at  which  grain-coarsening  began  decreased  with  increasing  man- 
ganese content  as  well  as  with  increasing  carbon  content,  but  it 
increased  with  increasing  silicon.  The  sensitivity  to  overheating 
increased  with  decreasing  oxygen  content.  The  highest  tempera- 
ture at  which  grain- coarsening  began  was  obtained  when  the  amount 
of  aluminium  added  was  0*025-0*25%. 
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On  Heai-Besistant  and  High-Tensile  Alloy  Cast  Iron.  T.  Saito. 
(Transactions  of  the  Mining  and  Metallurgical  Alumni  Association, 
Kyoto  Imperial  University,  1940,  vol.  10,  Nov.  30,  pp.  311-326). 
(In  Japanese).  The  author  reports  on  an  investigation  of  the 
properties  of  heat-resisting  high-tensile  cast  irons  containing  2-5- 
3*6%  of  carbon  with  additions  of  one  or  more  of  the  following 
elements  ?  siUcon,  nickel,  copper,  tungsten,  molybdenum,  man- 
ganese, vanadium,  chromium,  phosphorus  and  sulphur. 

Add-Besisting  Cast  Iron — ^The  User^s  Point  of  View.  P.  Parrish. 
(Institution  of  Chemical  Engineers  :  Iron  and  Coal  Trades  Review,  . 
1941,  vol.  142,  Mar.  14,  pp.  321-322;  Mar.  21,  pp.  347-348).  The  . 
author  discusses  the  manufacture  of  the  large  cast-iron  pots  used 
in  the  preparation  of  sulphuric  acid  and  the  properties  of  high- 
silicon  cast  irons.  In  designing  these  pots  large  flat  surfaces  should 
be  avoided,  and  the  thickness  should  be  kept  as  uniform  as  possible, 
all  large  flanges  should  be  webbed,  and  slots  rather  than  bolt  holes 
should  be  provided.  A  competent  inspector  who  can  detect  faulty 
castings  with  a  hammer  test  should  be  em^oyed  by  the  user  to 
examine  all  castings.  A  diameter  of  7  fb.  9  in.  appears  to  be  the 
limit  of  size  for  cast-iron  pots  in  Great  Britain.  In  discussing  high- 
silicon  irons,  the  author  refers  to  the  work  of  Wiist  and  Petersen, 
who  observed  the  regular  decrease  in  the  carbon  content  of  iron  and 
the  equally  regular  rise  in  the  freezing  point  with  successive  incre- 
ments of  silicon.  It  seems  to  be  accepted  that  in  grey  iron  the 
silicon  present  causes  the  carbide  constituent  to  break  down  into 
iron  and  graphite,  leaving  the  phosphide  structure  free ;  the  phos- 
phorus has  no  appreciable  effect  on  the  condition  of  the  carbon, 
but  it  reduces  the  solubility,  and  thus  acts  indirectly  as  a  hardener. 
It  is  suggested  that  further  research  on  two  questions  is  required ; 
these  are :  (1)  Does  the  addition  of  nickel  to  high-silicon  iron 
decrease  its  resistance  to  corrosion  ? ;  and  (2)  as  silicon-iron  castings 
are  not  brittle  when  red-hot,  but  only  when  cooled,  can  any  steps 
be  taken  to  avoid  undue  brittleness  in  the  cold  state  ? 

Pore  Iron-Phosphoms  Alloys.  6.  T.  Motok.  (Iron  Age,  1940, 
vol.  146,  Oct.  31,  pp.  27-32).  The  author  describes  an  investiga- 
tion of  the  properties  of  pure  iron  when  alloyed  with  up  to  1  %  of 
phosphorus.  The  alloys  were  prepared  and  melted  in  an  atmosphere 
of  helium,  which  was  passed  through  molten  Hthium  to  remove  any 
nitrogen ;  the  apparatus  for  this  is  described  in  detail.  The  results 
of  Charpy  impact  tests  showed  that  the  impact  values  were  so  low, 
oven  after  grain-refining  treatment,  that  no  conclusions  could  be 
drawn  as  to  the  effect  of  phosphorus,  heat  treatment,  or  degree  of 
cold-working  on  the  impact  value.  On  the  other  hand,  the  changes 
in  hardness  after  various  treatments  could  readily  be  determined, 
and  it  was  noted  that  the  hardness  increased  fairly  uniformly  with 
increasing  phosphorus  content.  No  perceptible  age-hardening 
occurred  on  quenching  with  subsequent  ageing  at  room  tempera- 
ture, at  200**  C.,  or  at  460**  C,  either  with  or  without  cold- working. 
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The  conclusion  appeared,  therefore,  to  be  justified  that,  in  the 
absence  of  other  elements  such  as  carbon  and  nitrogen,  phosphoros 
in  amounts  up  to  1%  did  not  give  rise  to  ageing  effects.  The 
embrittlement  which  was  caused  by  the  phosphorus  did  not  appear 
to  be  due  to  precipitation-hardening,  but  to  phosphorus  disscdyed 
in  the  ferrite.  Examination  with  the  microscope  showed  that,  on 
quenching  the  iron-phosphorus  alloys  firom  the  a  +  T  field,  a  two- 
phase  structure  was  obtained.  This  duplex  structure  was  not  found 
after  cooling  in  the  furnace,  but  traces  of  it  remained  after  cooling 
in  air.  It  did  not  appear,  however,  that  this  comparative  sluggish- 
ness of  the  iron-phosphorus  alloys  in  attaining  a  homogeneous 
structure  on  cooling  from  above  the  critical  temperature  could  play 
a  very  important  part  in  the  mechi^^/oism  of  embrittlement,  since 
the  embrittlement  still  took  place  even  after  very  slow  cooling. 
The  solid-solubility  of  phosphorus  in  iron  at  room  temperature  was 
found  to  be  not  less  than  1%.  The  fracture  of  the  specimens 
showed  some  evidence  of  being  intercrystalline,  but  it  was  doubtful 
whether  the  brittleness  was  due  to  weakness  at  the  crystal  boun- 
daries. Phosphorus  appeared  neither  to  accelerate  nor  to  retard 
the  excessive  grain  growth  produced  by  cold-work  with  subsequent 
annealing  at  660°  C.  With  up  to  0-7%  of  phosphorus  the  depth 
of  carbon  penetration  on  case-hardening  was  unaffected,  but  with 
a  higher  percentage  of  phosphorus  less  penetration  was  observed. 

A  Comparison  of  Different  Case-^trdening  Alloy  Steels.  H. 
Schrader  and  F.  Briihl.  (Stahl  und  Eisen,  1940,  vol.  60,  Nov.  21, 
pp.  1051-1058).  The  authors  discuss  the  results  obtained  in  tensile 
and  impact  tests  on  square  test-pieces  of  quenched  and  of  case- 
hardened  low-alloy  steels.  The  specimens  tested  were  of  the  steels 
known  in  Germany  as  ECSO,  ECMoSO,  EClOO  and  ECMo200,  the 
analyses  of  which  are  : 

ECSO             ECMoSO  EClOO  ECMoH)0  ECMofOO 

014-019    0-14-019  018-0-23  OIS-0-23  017-0-23 

0-35  max.    0*35  max.  0*35  max.  0*35  max.  0*35  max. 

M-1-4         M-1-4  1-2-1-5         1-2-1-5  1-3-1-6 

0-8-M         OS-M  1-2-1-5         I-2-1-5  1-7-20 

016-0-25  ...  015-0-25  015-0-26 


Carbon.     %    . 
Silicon.     %     . 
Manganese.     % 
Chromium.     % 
Molybdenum.     % 


It  was  observed  that  small  specimens  of  steels  EC80  and  . 
ECMoSO  in  the  case-hardened  state  had  granular  fractures  in  the 
core.  Steel  EClOO  differed  from  -^CifolOO  in  that  the  fractures 
of  specimens  up  to  30  mm.  square  were  fibrous,  and  the  sections 
had  to  be  larger  than  this  to  obtain  a  granular  appearance.  It  was 
possible  to  obtain  tough  fibrous  fractures  of  steel  ECMo200  with 
specimens  up  to  60  mm.  square.  The  strength  of  the  cores  of  large 
specimens  of  steels  i^ClOO  and  ECMolOO  in  the  quenched  state 
decreased  rapidly  with  increasing  size  up  to  250  nmi..  square. 
Chromium-molybdenum  steels  such  as  steel  ECMo200  and  steels 
high  in  chromium  and  manganese,  on  the  other  hand,  maintained 
a  high  strength  when  the  cross-section  was  large,  but  their  core- 
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hardness  was  sometimes  on  the  high  side.  A  similar  hardness 
penetration  and  a  core  strength  up  to  105  kg.  per  sq.  mm.  were 
attained  with  large-section  specimens  of  chromium-nickel  steels 
with  additions  of  tungsten  or  molybdenum,  whilst  small  specimens 
of  these  steels  did  not  exhibit  core-strengths  above  the  safety  limit. 
The  impact  strength  of  chromium  case-hardening  steels  with  more 
than  2%  of  chromium  and  no  nickel  depended  to  a  great  extent 
on  the  tensile  strength.  In  the  case  of  steel  EC  Mo  200  the  optimum 
tensile  strength  was  150  kg.  per  sq.  mm.  With  steels  EGMo  100 
and  EC  100  the  notch-sensitivity  remained  practically  unchanged 
over  a  large  range  of  tensile  strength.  To  test  the  possibility  of 
using  these  steels  for  gears,  special  specimens  with  a  tooth-shaped 
projection  were  subjected  to  heavy  impacts.  These  tests  demon- 
strated that  with  the  surface  in  good  condition  both  the  chromium- 
molybdenum  and  the  chromium-manganese  steels  were  just  as  good 
as  chromium-nick^  steels. 

The  three  types  of  steel  tested  had  a  tendency  to  form  too  much 
carbide  at  the  case-core  boundary,  and  it  was  found  that  this  danger 
could  be  reduced  to  a  great  extent  by  mixing  a  proportion  of  used 
powder  in  the  case-hardening  compound. 

On  a  Proprietary  Stainless  SteeL  Y.  Okura..  (Tetsu  to  Hagane, 
1940,  vol.  26,  Nov.  25,  pp.  802-812).  (In  Japanese).  The  author 
reports  on  an  investigation  of  the  structure  and  the  mechanical 
and  welding  properties  of  specimens  of  a  proprietary  brand  of  stain- 
less steel  which  varied  in  composition  within  the  following  limits  : 
Carbon  up  to  0-25%,  silicon  01-2-0%,  copper  005-4-5%,  nickel 
1-7%,  chromium  16-30%  and  tungsten  0-2-8-0%  with  additions 
of  up  to  1%  of  vanadium,  cobalt,  aluminium  or  titanium.  From 
the  results  obtained  it  was  concluded  that  steel  containing  chromium 
18%,  nickel  7%  and  tungsten  5-8%  is  suitable  for  applications 
where  resistance  to  the  attack  of  ferric-chloride  solution  or  sea- 
water  plus  hydrogen  peroxide  is  required. 

Stainless  St«els  for  Aircraft.  O.  FraAr,  jun.  (Steel,  1041,  vol. 
108,  Jan.  27,  pp.  52-53,  61).  The  authk  elaborates  some  of  the 
difficulties  with  which  the  producer  of  stainless  steel  has  to  contend  in 
meeting  the  increasingly  exacting  requirements  of  the  user,  especially 
those  of  the  aircraft  industry.  Some  of  the  ways  in  which  pro- 
duction could  be  facilitated  with  advantage  to  both  producer  and 
buyer  are  :  (1)  As  far  as  possible  the  ordering  of  very  small  quan- 
tities of  steel  to  special  analyses  should  be  avoided  ;  (2)  18/8  stainless 
steel  stabilised  with  titanium  is  about  2d.  per  lb.  cheaper  than  that 
stabilised  with  niobium,  and,  as  tests  show  no  discernible  difference 
in  the  properties  of  the  two  steels,  it  appears  to  be  unnecessary  for 
customers  to  insist  on  the  latter  quality ;  (3)  the  buyer  should 
specify  the  particular  purpose  for  which  the  steel  will  be  used  ;  and^ 
(4)  buyers  should  realise  that  stretching  or  rolling  annealed  stainless 
steel  is  bound  to  work-harden  it,  and  that  to  order  stainless-steel 
sheets  fully  soft  and  flat  imposes  conditions  impossible  of  fulfilment. 
1941— i  Q 
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A  New  Die  Steel.  L.  Sanderson.  (Metallurgia,  1941,  vol.  23, 
Jan.,  p.  80).  The  author  discusses  a  recently  developed  die  steel 
containing  0*97%  of  carbon,  6'06%  of  chromium,  0-18%  of  vana- 
dium and  1*07%  of  molybdenum.  This  steel  is  said  to  enable  a 
40%  saving  in  die  cost  on  short-run  dies  to  be  made  and  to  give 
excellent  r^ults  in  service,  so  that,  although  originally  designed  for 
dies  only,  it  has  since  been  applied  to  a  wide  range  of  parts,  such 
as  cams,  clutch  parts,  ways  on  lathes  and  grinders,  plugs,  gauges, 
&c.  He  gives  data  for  the  Rockwell  C  hardness  of  the  steel  in 
dependence  on  the  heat  treatment.  He  points  out  that  the  high 
hardness  is  due  to  the  molybdenum  content,  and  that  vanadium 
is  added  to  provide  a  wide  range  of  heat  treatment  and  to  prevent 
excessive  grain  growth. 

Low-Moy  High-Speed  Steels.  A.  Gulyaev  and  K.  Osipov. 
(Stal,  1939,  No.  12,  pp.  47-54).  (In  Russian).  The  authors  con- 
sider  that  high-speed  steels  should  contain  allo3n£^  elements  to 
form  carbides  which  dissociate  with  difficulty.  The  high-speed 
steel  substitutes  used  in  Russia  (e.g.,  steels  ^/116,  J&/172,  j^/173 
and  J&/184),  in  which  chromium  is  the  chief  alloying  constituent, 
are  not  of  this  type.  Consideration  of  previous  work  led  the  authors  ' 
to  the  choice  of  the  following  compositions  : 


a) 

(2) 

(8) 

W 

(5) 

Carbon.     %    . 

101 

119 

1-56 

1-3 

1-35 

Vanadium.     % 
Tungsten.     % 

318 

4-56 

6-68 

4-88 

4-77 

313 

3-34 

2-84 

•  •  • 

303 

Molybdenum.     % 

3-50 

3-35 

3-20 

313 

•  •  • 

Chromium.     % 

4-3 

4-4 

4-4 

4-6 

• 

4-5 

In  these  steels  the  carbon  content  is  based  on  the  vanadium 
content.  The  above  alloys  were  prepared  in  an  H.F.  furnace,  cast, 
forged  into  billets,  annealed  at  900°  C.  and  cooled  in  the  furnace. 
Curves  from  data  obtained  with  a  dilatometer  showed  that  the  Acj 
points  of  the  steels  were  between  820°  and  890°  C.  S-curves  for 
the  steels  showed  that  they  all  possessed  minimum  austenite 
stability  within  the  range '72(>-770°  C.  Maximum  cooling  rates  on 
annealing  and  critical  cooling  rates  for  quenching  were  also  obtained 
from  the  S-curves.  Investigation  of  the  optimum  quenching  tem- 
peratures showed  that  the  permissible  ijmge  was  wide.  In  all  the 
molybdenum-bearing  steels  the  amount  of  residual  austenite  after 
quenching  from  1260-1280°  C.  was  about  20%,  i.e.,  even  less  than 
in  tungsten  high-speed  steel  quenched  from  the  same  temperatures. 
A  first  tempering  treatment  rapidly  reduced  the  austenite  content 
to  6-10%,  except  in  steel  (5).  Optimum  tempering  conHitions  were 
studied  with  reference  to  the  hardness  and  microstructure  obtained. 
Cutting  tests  on  axle  carbon  steels,  in  which  the  steels  were  com- 
pared  with  the  chromium-bearing  substitutes  and  with  tungsten 
high-speed  steel,  demonstrated  that  the  new  steels  were  very  much 
superior  to  the  substitutes,  and  that  they  were  in  fact  equal,  and 
in  some  cases,  even  superior  to,  ordinary  high-speed  steels.  Com- 
positions (1),  (3)  and  (4)  were  the  best.     Data  regarding  the  recom- 
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.mended* practice  of  forging,  annealing,  quenching  and  tempering 
these  types  of  tool  steel  are  summarised. 

The  Properties  of  ^ardenable  Manganese  Steels  Containing  Other 
Alloy  Additions.  H.  Cornelius.  (Stahl  imd  Eisen,  1940,  vol.  60, 
Nov.  28,  pp.  1075-1083).  The  author  reports  on  an  investigation 
of  the  properties  of  a  number  of  hardenable  steels  used  in  the  Ger- 
man aircraft  industry.  The  composition  of  the  steels  tested  was 
within  the  following  Umits  :  carbon  0-27-0-42%,  silicon  0-26-0-47%, 
manganese  0-46-2'l%,  chromium  0-2-1%,  nickel  0-2-1%,  molyb- 
denum 0-0-29%,  and  vanadium  0-0-35%.  The  steels  were  made 
in  a  small  high-frequency  furnace,  and  specimens  18  mm.  in  dia. 
were  examined  under  the  microscope  and  tested  mechanically.  It 
was  found  that  a  small  addition  of  vanadium  to  steels  containing 
more  than  1%  of  manganese  was  necessary  to  make  them  sufficiently 
non-sensitive  to  overheating.  Any  difference  in  hardenability  on 
cooling  in  air  could  be  reduced  by  a  subsequent  tempering.  The 
relation  between  the  tensile  strength,  elastic  limit,  elongation, 
reduction  of  area  and  impact  strength  are  shown  by  several  series 
of  curves.  These  indicate  that,  among  other  characteristics,  the 
low-alloy  steels  containing  manganese  as  the  important  element 
have  a  higher  elastic  limit  within  the  practical  limits  of  tensile 
strength  than  the  chromium-moly|>denum  steel.  The  alloy  steels 
with  no  molybdenum  had  the  lowest  impact  strength.  An  addition 
of  vanadium  also  lowered  the  brittleness  of  tempered  manganese 
steels.  The  author's  general  conclusion  was  that  the  steels  containing 
1  •0-1*7%  of  manganese*  are  suitable  substitutes  for  the  chromium- 
molybdenum  steels. 

Study  on  ttie  Experimental  Manufacture  of  High-Tensile  Stmc- 
toral  Steel  Sheets.  I.  Kohira,  K.  Moridera  and  G.  Maeda.  (Tetsu 
to  Hagane,  1940,  vol.  26,  Nov.  25,  pp.  777-787).  (In  Japanese). 
The  authors  investigated  the  mechanical  properties  of  steel  plates 
rolled  from  four  types  of  high-lensile  steel.  These  steels  contained  : 
(a)  carbon  0-18%,  manganese  1-65%  and  copper  0-246%  ;  (6)  carbon 
0-18%,  manganese  1-09%,  chromium  0-66%  and  copper  0-246% ; 
(c)  carbon  0-18%,  manganese  1-21%,  molybdenum  0-28%  and 
copper  0-254%;  and  (d)  carbon  0-25%,  manganese  1-31%,  and 
copper  0-320%.  No  difficulty  was  experienced  in  the  melting  and 
rolling  of  the  steels,  and  the  diflferences  in  the  mechanical  properties 
in  the  as-rolled  condition  were  negligible.  The  tensile  strength  was 
55-65  kg.  per  sq.  mm.,  the  yield  point  40-45  kg.  per  sq.  mm.  and 
the  elongation  20%  for  all  of  the  four  types. 
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(Continued  from  pp.  186  a-192  a) 

The  Use  of  Plane  Polarised  Light  and  Sensitive  Tint  Illumination 
in  the  Analysis  of  the  Microstructures  of  Steel.  B.  L.  McCarthy. 
(Mordica  Memorial  Lecture  :    Wire  and  Wire  Products,  1941,  vol. 
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16,  Jan.,  pp.  17-26).  The  author  explains  the  theory  and 'practical, 
application  of  a  method  of  examining  the  microstructure  of  steel 
which  involves  the  use  of  polarised  l^ht  and  colour-photography. 
An  American  microscope  is  now  available  which  makes  provision 
for  the  application  of  polarised  light  and  sensitive-tint  illumination. 
In  this  instrument  a  modification  of  the  ordinary  Nicol  prism  is 
used  as  a  vertical  illuminator,  and  the  arrangement  is  such  that  this 
prism  acts  not  only  as  a  vertical  illuminator,  but  also  as  both 
polariser  and  analyser.  A  carbon  arc  forms  the  source  of  light,  and 
frgm  this  the  light  passes  through  the  vertical  polarising  illuminator 
perpendicular  to  the  specimen.  At  the  cemented  interface  of  the 
prism  the  ordinary  rays  are  totally  reflected  against  the  prism  side, 
where  they  are  absorbed,  whilst^he  extraorcSnary  ray,  travelling 
in  a  refractive  index  matching  the  index  of  the  cement,  passes  on 
to  the  specimen.  This  polarised  beam,  if  reflected  unchanged  from 
the  specimen,  passes  back  along  the  original  path,  through  the 
specimen  back  to  the  source  of  light.  If,  however,  a  portion  of  the 
surface  of  the  specimen  depolarises  the  light,  such  ordinary  rays 
are  reflected  at  the  cemented  interface  of  the  prism  on  to  a  silvered 
mirror,  and  thence  to  the  eye-piece.  When  the  sample  is  viewed 
through  the  eye-piece,  only  that  portion  with  depolarising  properties 
is  visible.  '  By  placing  a  quarter- wave  plate  in  the  beam  emerging 
from  the  polariser,  the  plane-polarised  light  is  converted  to  circu- 
larly polarised  light,  which,  as  it  is  symmetrical  to  the  axis  of  the 
ray,  acts  in  the  same  manner  as  ordinary  unpolarised  light.  This 
provision  for  ordinary  light  increases  the  light  efficiency  to  about 
foui*  times  that  obtainable  when  a  plane-glass  reflector  is  employed. 
The  author  reproduces  a  number  of  microgrslphs  in  black-and-white 
and  in  colour,  and  discusses  the  differences  revealed  by  the  two 
processes.  He  points  out  that,  because  of  the  accuracy  with  which 
sensitive-tint  illumination  reveals  areas  of  weak  depolarisation,  the 
determination  of  isotropic  and  anisotropic  areas  is  greatly  facilitated. 
The  use  of  polarised  light  in  the  study  of  preferred  orientation  in 
cold-worked  steel  has  been  suggested,  but  the  author  considers  that, 
while  it  may  be  useful  in  the  study  of  the  effect  of  cold-heading, 
or  where  the  reduction  is  extremely  light,  there  is  little  to  be  gained 
by  using  it  on  heavily  worked  steel  wire.  His  Own  examination  of 
a  cold-worked  low-carbon  steel  wire  with  the  instrument  described 
revealed  that  the  basic  purple  colour  persisted  after  cold-working, 
which  was  evidence  that  the  surface  remained  isotropic. 

A  Time-Saving  Adaptation  for  Photomicrography.  J.  A.  Quense 
and  W.  M.  Dehn.  (Industrial  and  Engineering  Chemistry,  Analyti- 
cal Edition,  1941,  vol.  13,  Jan.,  p.  68).  A  brief  description  is  given 
of  a  viewing  tube  and  holder  for  use  on  the  microscope  of  a  micro- 
photographic  apparatus.  The  purpose  of  this  is  to  obviate  the 
removal  and  replacement  of  the  camera  when  the  microscope  is 
used  with  a  Nicol  analyser  for  selecting  a  representative  field  for 
examination. 
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A  Holder  for  Metallographic  Specimens  during  Polishing.    6.  R. 

Kauffman.  (Metals  and  Alloys,  1941,  vol.  13,  Feb.,  pp.  171-172). 
The  author  gives  an  illustrated  description  of  a  device  to  hold 
metallographic  specimens  on  a  rotating  polishing  disc  at  a  constant 
pressure.  This  holder  is  inexpensive  and  can  easily  be  fitted  to 
almost  any  type  of  polishing  machine.  It  consists  of  an  aluminium 
ring  2  in.  in  dia.  and  2  in.  high.  J'his  is  held  on  a  rod  which  in 
turn  is  clamped  to  a  stand  so  that  the  ring  can  easily  be  fixed  in 
any  desired  position  relative  to  the  disc.  In  practice,  it  is  clamped 
so  that  its  lower  edge  is  J  in.  above  the  disc.  The  specimen  is 
placed  on  the  disc  within  the  ring,  and  the  holder  thus  retains  it  in 
any  one  position  for  as  long  as  desired  at  a  constant  pressure,  which 
is  simply  that  exerted  by  its  own  weight. 

The  Electrolytic  Polishing  of  Stamless  Steels.  H.  H.  Uhlig. 
(Transactions  of  the  Electrochemical  Society,  1940,  vol.  78,  pp.  265- 
272).  The  author  describes  the  electrol3rtic  polishing  of  18/8  stain- 
less steel,  using  a  glycerine/phosphoric-acid  mixture  as  the  electro- 
lyte. He  determined  the  optimum  polishing  conditions  with  the 
aid  of  a  photo-electric  spectrophotometer,  and  found  that  a  maxi- 
mum degree  of  polish  was  obtained  with  an  electrolyte  made  up 
of  approximately  42%  of  phosphoric  acid,  47%  of  glycerine  and 
11  %  of  water  by  weight,  held  at  100°  C.  or  higher j  with  a  current 
density  at  the  anode  of  at  least  0*1  amp.  per  sq.  in.  Good  solutions 
could  also  be  made  by  adding  other  organic  substances  to  phos- 
phoric acid.  Such  substances  consist,  in  general,  of  high-boiling- 
point  materials  containing  one  or  more  hydroxyl  groups  which  are 
soluble  in  phosphoric  acid. 

Dendritic  Stmctore.  C.  H.  Desch.  (Sheffield  Metallurgical 
Association  :  Foundry  Trade  Journal,  1940,  vol.  63,  Nov.  28,  p.  351 ; 
Dec.  5,  pp.  365-366).  The  author's  paper  on  the  influence  of  den- 
dritic structure  on  the  heterogeneity  of  alloys  is  reproduced  {see 
p.  71  A). 

The  Problem  of  the  Primary  Crystallisation  of  Steel :  Undercool- 
ing and  Nucleus  Formation  in  the  Liquid  State.  P.  Bardenheuer  and 
R.  Bleckmann.  (Stahl  und  Eisen,  1941,  vol.  61,  Jan.  16,  pp.  49-53). 
The  authors  studied  the  factors  affecting  the  degree  to  which  steel 
can  be  undercooled  and  describe  a  method  of  determining  how 
undercooling  affects  the  formation  of  nuclei.  They  found  that  steel 
with  less  than  0-01%  of  carbon  could  be  undercooled  as  much  as 
250^  C,  and  steel  with  0-4%  of  carbon  about  205°  C,  provided  that 
it  was  entirely  siurounded  by  slag  and  not  in  contact  with  the 
Qrucible.  Spontaneous  crystallisation  would  only  take  place  with 
a  high  degree  of  undercooling.  Their  experiments  demonstrated 
that  it  would  be  impossible  to  teem  steel  in  the  undercooled  state. 
Further  investigations  were  made  based  on  the  theory  that,  if  an 
addition  of  another  element  can  be  made  to  steel  already  in  the 
undercooled  state  without  increasing  the  degree  of  undercooling, 
this  addition  would  introduce  foreign  nuclei  into  the  metal.     The 
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efifects  of  a  large  number  of  elements  added  to  a  low-carbon  stee 
on  the  nucleus-formation  were  studied  by  applying  the  above  theory, 
and  it  was  found  that  aluminium,  bei^llium,  boron,  calcium- 
aluminium,  calcium-aluminium-silicon,  titanium,  vanadium  and 
zirconium  completely  stopped  the  undercooling,  in  most  cases  an 
addition  of  only  0*1%  being  sufficient.  On  the  other  hand,  man- 
ganese, silicon,  calcium-silicon,  chromium,  cobalt,  molybdenum, 
nickel,  niobium-tantalum,  phosphorus,  sulphur,  tungsten  and 
nitrogen  did  not  prevent  imdercooling,  and  therefore  did  not  lead 
to  nucleus-formation  in  the  liquid  sted.  Hydrogen  and  oxygen  fell 
between  these  two  groups,  for  increasing  quantities  of  these  gasee 
decreased  the  imdercooling  capacity  of  the  steel  more  and  more 
without  inhibiting  it  altogether.  The  authors  also  carried  out  tests 
to  ascertain  whether  the  nuclei  of  foreign  bodies  could  be  destroyed 
by  superheating;  these  showed  that  the  nuclei  remained  after 
superheating.  Superheating  to  from  20°  to  190°  C.  above  the  melting 
point  had  also  no  effect  on  the  undercooling  of  a  nucleus-free  melt ; 
but  a  slight  superheating  of  up  to  20°  C.  ftbove  the  melting  point 
inhibited  imdercooling. 

Itothermal  Transformation  of  Austenite  in  Orey  Cast  Iron. 
C.  R.  HiDiker  and  M.  Cohen.  (Iron  Age,  1941,  vol.  147,  Feb.  13, 
pp.  43-46).  The  authors  studied  the  isothermal  transformation  of 
the  austenite  in  two  grey  cast  irons,  one  of  which  was  unalloyed, 
whilst  the  other  contained  2-03%  of  nickel.  They  discuss  the 
results  obtained  and  present  the  transformation  curves,  which  show 
that,  as  with  steel,  the  presence  of  nickel  decreases  the  rate  of, 
transformation.  The  hardness  of  the  isothermal-transformation 
products  of  both  irons  did  not  increa.se  continuously  with  decreasing 
transformation  temperature,  for  it  was  observed  that  the  products 
formed  in  the  950-850°  F.  range  were  slightly  but  definitely  softer 
than  those  formed  at  transformation  temperatures  above  and  below 
this  range. 

The  Equilibrium  Diagram  of  the  Al-Fe-Ti  System  and  the 
Segregation  of  Fe  and  Ti.  H.  Nishimura  and  £.  Matsumoto. 
(Nippon  Kinzoku  Gakkai-Si,  1940,  vol.  4,  Oct.,  pp.  339-343).  (In 
Japanese).  The  authors  studied  the  aluminium  comer  of  the 
aluminium-iron-titanium  equilibrium  diagram  by  thermal  analysis 
and  determined  the  limits  of  solubility  of  titanium  and  iron  in 
liquid  aluminium  at  various  temperatures. 

CORROSION  OF  IRON  AND  STEEL 


(Continued  from  pp.  192  A- 195  a) 

Vagaries  of  Corrosion  Testing.  F.  A.  Rohrman.  (Monthly 
Review  of  the  American  Electroplaters'  Society,  1941,  vol.  28,  Jan., 
pp.  27-34).  The  author  discusses  the  principles  to  be  followed  in 
the  planning  of  corrosion  tests  on  specimens'  of  sheet  metal. 
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Corrosion  of  Metals  by  Non-Aqueous  Solutions.  The  Action  ol 
Ethyl  Alcohol  on  Metals.  L.  6.  Gindin,  R.  S.  Ambarzumian  and 
E.  P.  Belchikova.  (Comptes  Bendus  (Doklady)  de  rAcad^mie  des 
Sciences  de  TU.R.S.S.,  1940,  vol.  29,  Oct.  10,  pp.  44^7).  This  is 
the  introductory  paper  to  a  projected  series  on  the  corrosion  of 
metals  in  non-aqueous  electrolytes,  mainly  alcohols  and  alcoholic 
solutions.  The  authors  review  the  literature  on  the  effect  of  ethyl 
alcohol  on  metals,  and  they  describe  the  procedure  they  adopted 
for  the  purification  of  the  ethyl  alcohol  used  for  their  investigation. 
In  the  series  of  experiments  described  in  the  present  paper,  the  tests 
were  carried  out  in  sealed  glass  tubes  in  an  apparatus  which  is 
lillustrated,  and  tables  are  given  of  the  results  obtained  after  keep- 
ing samples  of  magnesium,  aluminium,  zinc  and  steel  (carbon  0*28%, 
manganese  0-51%  and  silicon  0-22%)  for  210  days  under  absolute 
alcohol  and  for  160  days  under  99-7%  alcohol.  Only  magnesium 
proved  to  be  sUghtly  corroded  by  ethyl  alcohol  under  the  experi- 
mental conditions  described,  whereas  the  three  other  materials 
examined  were  not  affected  at  all.  ' 

Corrosion  of  Metals  by  Non-Aqueous  Solutions.  B.  S.  Ambarzu- 
mian, L.  G.  Gindin  and  E.  P.  Belchikova.  (Comptes  Bendus 
(Doklady)  de  T Academic  des  Sciences  de  TU.B.S.S.,  1940,  vol.  29,. 
Oct.  20,  pp.  91-94).  The  authors  studied  the  influence  of  carbon 
dioxide  on  the  action  of  ethyl  alcohol  on  magnesium,  aluminium 
and  steel.  They  used  alcohol  saturated  with  carbon  dioxide,  and 
the  experimental  procedure  was  as  described  in  the  first  paper  of 
the  series  {see  preceding  abstract).  They  foiind  that  in  the  presence 
of  carbon  dioxide,  steel  and  aluminium  are  also  not  corroded  by 
ethyl  alcohol,  whereas  the  corrosion  of  magnesium  is  considerably 
enhanced. 

Effect  of  Chemical  Composition  and  Miorostmctuie  on  the 
Oalvanic  Corrosion  of  Cast  Iron.  Y.  Saito.  (Tetsu  to  Hagane, 
1940,  vol.  26,  Nov.  25,  pp.  795-801).  (In  Japanese).  The  author 
has  studied  the  galvanic  corrosion  of  pairs  of  cast-iron  specimens  of 
different  composition^  when  immersed  in  contact  in  a  3%  sodium- 
chloride  solution.  His  tests  revealed  that  increasing  the  total 
carbon  and  the  silicon  increased  the  solution  pressure  by  their 
graphitising  effect,  whilst  manganese,  chromium,  nickel  and  copper 
decreased  the  solution  pressure.  For  this  reason  it  is  pointed  out 
that  more  attention  should  be  paid  to  the  composition  of  cast-iron 
marine-engine  components  which  are  in  contact  with  each  other. 

Controlling  Factors  in  Oalvanic  Corrosion.  W.  A.  Wesley. 
(Proceedings  of  the  American  Society  for  Testing  Materials,  1940, 
vol.  40,  pp.  690-702).  The  author  presents  data  which  demon- 
strate the  effects  of  variations  in  the  cathode  area  and  resistance 
of  the  galvanic  circuit  on  the  currents  produced  in  corrosion  tests 
on  iron-copper  couples  in  a  neutral  sodium-chloride  solution.  Anode 
and  cathode  polarisation  curves  are  given  for  iron  and  copper 
respectively,   and  a  simple  equation  is  derived  from  the  data 
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which  relates  the  current,  the  anode  and  cathode  areas  and  the 
resistance. 

Some  Corrosion  Tests  in  a  Railway  TonneL  S.  C.  Britton. 
(Journal  of  the  Institution  of  Civil  Engineers,  1941,  vol.  16,  Mar., 
pp.  65-72).  The  author  reports  on  a  series  of  corrosion  tests  made 
by  exposing  Samples  of  non-ferrous  metals  and  alloys ;  v  mild  steel 
protected  by  paints,  by  metal  coatings,  or  by  thick  wrappings; 
cast  iron ;  stamless  steels ;  and  a  few  non-metaJlic  materials,  in  the 
ventilating  shaft  of  a  steam-operated  railway  tunnel  for  periods 
ranging  up  to  SJ  years.  Copper,  although  superficially  corroded, 
became  covered  with  a  protective  coating  of  a  corrosion  product, 
and  proved  to  be  the  best  metallic  material ;  copper  alloys  did  well, 
but  were  not  so  durable  as  copper  alone.  Aluminium  and  stainless 
steel  suffered  severe  local  attack,  and  14-S.W.G.  sheets  were  per- 
forated at  many  points  within  three  years.  Mild  steel  of  the  same 
gauge  was  entirely  destroyed  within  three  years,  but  almost  com- 
plete protection  was  afforded  to  it  by  a  thick  rubber  coating.  Other 
thick  coatings,  such  as  bitumen  reinforced  by  asbestos  and  cotton 
lint  impregnated  with  petroleum  jelly,  also  gave  fair  protection. 
Metal  coatings  of  aluminium  and  lead  sprayed  on  to  mild  steel,  and 
other  aluminium  coatings  applied  by  a  cementation  process,  failed 
quickly.  Well-chosen  paint  coatings  had  as  long  a  life  as  these 
metal  coats,  but  allowed  rusting  to  commence  afber,  at  most,  a 
year.  A  plain  cast  iron  suffered  considerable  *'  graphitisation," 
i.e.,  conversion  of  the  metal  into  a  mixture  of  rust,  graphite  and 
residual  iron.  A  special  cast  iron  with  finely  dispersed  graphite 
flakes  was  less  badly  attacked,  and  a  highly  alloyed  austenitic  cast 
iron  suffered  only  shallow  localised  graphitisation.  It  was  evident 
that  painting  and  metal  sprajring  would  have  given  relatively  better 
performances  if  conditions  had  not  been  so  continuously  wet,  and 
stainless  steels  might  have  justified  their  name  had  there  been  no 
soot. 

Some  Observations  on  the  Potentials  of  Metals  and  Alloys  in 
Sea-Water.  F.  L.  LaQue  and  G.  L.  Cox.  (Proceedings  of  the 
American  Society  for  Testing  Materials,  1940,  vol.  40,  pp.  670-686). 
The  authors  review  the  literature  on  the  potentials  of  metals  and 
alloys  in  sea- water  and  similar  chloride  solutions,  and  describe  a 
particular  method  of  determining  the  potentials  of  a  number  of 
metals  and  aUoys  using  specimens  in  the  form  of  short  lengths  of 
pipe  through  which  sea- water  is  circulated  for  a  test  period  of  six 
months.  The  results  obtained  are  discussed  and  from  them  a 
galvanic  series  is  set  up  in  which  the  relative  positions  of  about 
forty  common  metals  and  alloys  can  be  observed. 

A  Review  of  Data  on  the  Relationship  of  Cforrosivity  of  Water 
to  its  Chemical  Analsrsis.  V.  V.  Kendall.  (Proceedings  of  the 
American  Society  for  Testing  Materials,  1940,  vol.  40,  pp.  1317- 
1322).  The  author  reviews  some  of  the  attempts  to  classify  waters 
in  accordance  with  their  corroding  power,  with  particular  reference 
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to  Langelier's  mathematical  evaluation  of  the  ability  of  a  water  to 
precipita'te  calcium  carbonate.  He  also  discusses  the  results 
obtained  in  pitting  tests  in  hot-water  pipes  in  seventeen  cities  in 
the  United  States ;  from  these  it  was  evident  that  the  duration 
of  the  test  must  be  taken  into  account  in  assigning  a  corrosion  value 
to  a  particular  water,  or  in  comparing  the  corrosiveness  of  several 
waters. 

Measuring  the  Seale-Fonning  and  Cfonosive  Tendencies  of  Water 
by  Short-Time  Tests.  E.  P.  Partridge  and  G.  B.  Hatch.  (Proceed- 
ings of  the-  American  Society  for  Testing  Materials,  1940,  vol.  40, 
pp.  1 329-1 339).  The  authors  review  a  number  of  short-time  tests 
for  determining  the  corrosiveness  of  water.  They  refer  in  particular 
to  the  marble  test  of  Tillmans  and  Heublin  for  determining  the 
decree  to  which  a  water  is  saturated  with  calcium  carbonate  and 
to  Enslow's  continuous-flow  test,  in  which  the  water  is  passed 
slowly  through  a  column  packed  with  calcium  carbonate  and  the 
difference  between  the  pH.  values  of  the  inflowing  and  outflowing 
water  is  measured.  They  also  present  curves  showing  the  value 
of  sodium  hexametaphosphate  as  a  corrosion  inhibitor. 

The  Effect  of  Oas  Pressore  on  the  Passivity  of  Iron.  R.  S.  Grog 
and  H.  Hunt.  (Electrochemical  Society,  Apr.,  1941,  Preprint 
79-9).  The  authors  describe  an  attempt  to  determine  the  effect  of 
decreased  pressure  on  the  passivity  of  iron  in  chromic  acid  solutions. 
The  passivity  or  activity  of  the  iron  was  measured  by  the  potential 
of  an  iron/chromic-acid-solution  half-cell  with  an  electrode  of 
Hg/Hg2CrO4/(l-0  mol.  H2Cr04)  as  the  reference  half-cell.  The  iron 
was  found  to  be  active  in  chromic  acid  solutions  containing  moderate 
concentrations  of  halide  ions  at  the  reduced  pressures  used  in  the 
experiments.  Iron  wires  heated  to  redness  in  a  vacuum  (0-01  mm. 
of  mercury)  were  found  to  be  passive  in  chromic  acid  solutions. 
From  this  it  appeared  improbable  that  an  adsorbed  fllm  of  oxygen 
could  cause  the  passivity.  The  apparatus  used  for  the  experiments 
is  described  and  illustrated. 

Intercrystalline  Crackmg  in  Boiler  Plates.  (A  Report  from  the 
National  Physical  Laboratory:  Iron  and  Steel  Institute,  1941, 
this  Journal,  Section  I.).  Previous  work  having  shown  that  in 
the  absence  of  corrosive  attack  no  cracks  are  formed  in  boiler-plate 
steel  specimens  kept  under  tension  for  5  years,  even  when  con- 
centrations of  stress  are  present,  various  combinations  of  stress  and 
exposure  to  caustic  solutions  have  been  investigated.  Part  I.,  by 
C.  H.  Desch,  is  an  introductory  survey  of  the  subject.  In  Part  II., 
C.  H.  M.  Jenkins  and  F.  Adcock  describe  experiments  in  which 
specimens,  with  or  without  notches  or  drilled  holes,  were  kept 
under  tension  in  concentrated  sodium  hydroxide  solution  at  225°  C. 
An  electrically  heated  pressure  vessel  was  used,  with  special  devices 
for  maintaining  constant  temperature  and  stress,  and  for  indicating 
the  onset  of  cracking.  The  typical  form  of  intercrystalline  crack 
was  not  obtained,  but  in  regions  of  concentrated  stress  breakdown 
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was  caused  by  the  growth  of  non-metallic  inclusions.  Heavily 
cold- worked  steel  resisted  better  than  annealed  material.  The  black 
magnetic  oxide  formed  had  the  composition  Fe203. 

In  Part  HI.,  by  F.  Adcock  and  A.  J.  Cook,  experiments  under 
pressure  at  temperatures  up  to  470^  C.  are  describeid.  Using  small 
pressure  bombs,  intercrystalline  cracking  was  found  in  boiler-plate 
steel  immersed  in  a  solution  of  pure  sodium  hydroxide  at  310^  C. 
Decarburisation  occurred,  the  carbon  being  removed  as  methane. 
In  other  experiments  the  steel  specimens  and  the  solution  were 
enclosed  in  a  steel  pressure  vessel  lined  with  silver.  Under  these 
conditions,  no  intercrystalline  cracks  were  formed  in  annealed 
material  at  410°  C,  but  if  the  steel  were  cold- worked,  cracks  similar 
to  those  produced  by  hydrogen  at  high  temperatures  were  formed. 
With  highly  concentrated  caustic  solutions  intercrystalline  cracks 
penetrating  from  the  surface  became  filled  with  oxide.  Experiments 
with  powdered-silver  filters  showed  that  masses  of  oxide  could  be 
precipitated  at  a  distance  from  the  specimen,  and  this  may  con- 
tribute to  the  cracking  of  boilers,  by  sealing  cavities  and  allowing 
a  pressure  of  hydrogen  to  be  built  up.  Pure  iron  developed  cracks 
of  the  oxide  type.  Sodium  sulphate  in  solution  did  not  inhibit 
cricking.    Some  alloys  of  iron  were  also  examined. 

In  Part  IV.,  by  F.  Adcock  and  C.  H.  M.  Jenkins,  observations 
of  strain-etching  in  acid  open-hearth  boiler-plate  steel  are  described. 
Such  markings  are  usually  found  only  in  basic  steel.  They  were 
not  produced  in  plates  which  had  been  deformed  cold,  but  were 
found  in  material  which  had  been  bent  at  100°  C,  and  also  in  a 
rolled  plate  which  had  been  presumably  finished  at  a  low  tempera- 
ture. They  coincided  with  the  stress  Unes  found  by  magnetic 
testing,  and  with  the  directions  of  cracking  in  a  marine  boiler  plate 
which  had  developed  corrosion  cracks  in  service. 

In  Part  V.,  H.  J.  Grough  and  H.  V.  Pollard  describe  the  behaviour 
of  specimens  of  boiler-plate  steel  and  of  both  riveted  and  welded 
joints  in  the  same  material,  when  subjected  to  slow  cycles  of  alter- 
nating bending  stress  while  immersed  in  a  boiling  solution  of  sodium 
hydroxide.  A  machine  taking  plates  2  fb.  3  in.  long,  }  in.  thick, 
and  up  to  12  in.  wide  (for  riveted  joints)  was  constructed.  When 
failure  occurred,  it  was  due  to  corrosion-fatigue  and  the  cracks  were 
transcrystalline.  The  typical  caustic  cracking  was  thus  not 
obtained,  but  the  cracks  observed  closely  resembled  certain*  defects 
found  in  boilers  as  the  result  of  service. 

Boiler  Embritilement  Protection.  C.  W.  Bice.  (Combustion, 
1941,  vol.  12,  Jan.,  pp.  37-39).  The  author  reviews  the  present 
knowledge  regarding  the  causes  and  prevention  of  caustic  embrittle- 
ment.  He  offers  explanations  for  certain  apparently  conflicting 
experiences  and  shows  how,  under  different  circumstances,  some 
salts  may  either  accelerate  or  prevent  embrittlement. 

A  Cforrosion-Fatigae  Test  to  Determine  ttie  Protective  Qualities 
of  Metallic  Platings.    J.  N.  Kenyon.     (Proceedings  of  the  American 
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Society  for  Testing  Materials,  1940,  vol.  40,  pp.  705-714).  The 
author  describes  a  corrosion-fatigue  test  for  determining  the  degree 
of  protection  afforded  by  metallic  coatings  on  steel  wire.  The  wire 
tested  was  0-037  in.  in  dia.,  and  was  a  sample  of  that  used  to  re- 
inforce the  beading  of  rubber  tyres.  For  this  purpose  a  stress- 
reversal  machine  was  used  in  which  a  length  of  the  wire  was  bent 
to  arc  curvature  and  rotated  by  an  electric  motor,  a  7*5-in.  portion 
of  the  arc  dipping  into  a  bath  of  oil,  distilled  water  or  salt  solution 
{see  Joum.  I.  and  S.  I.,  1935,  No.  n.,-  p.  486).  The  fatigue  limits 
for  10'  cycles  of  stress  of  imcoated  and  copper-zinc-coated  wire 
tested  in  a  non-corrosive  oil  were  practically  identical.  In  distilled 
water,  copper-zinc-plated  wire  was  much  superior  to  unplated  wire, 
and  was  aJso  superior  to  bronze-plated  wire.  Bronze-coated  speci- 
mens tested  in  oil  after  storage  for  48  hr.  in  distilled  water  lost 
about  65%  of  their  original  tensile  strength  after  10'  cycles  of  stress 
and  this  was  found  to  be  due  to  embrittlement,  but  this  embtittle- 
ment  did  not  occur  in  specimens  that  had  been  galvanised  prior  to 
bronze-plating. 
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The  Sampling  and  Chemical  Analysis  of  Cast  Ferrous  Metals. 

E.  Taylor- Austin.  (British  Cast  Iron  Research  Association,  Special 
Publication  No.  7,  March,  1941).  This  publication  is  the  third 
edition  of  the  first  report  on  recommended  methods  for  the  sampling 
and  analysis  of  oast  ferrous  metals,  and  alloys  issued  by  the  British 
Cast  Iron  Research  Association  Tests  and  Specifications  Sub- 
Committee.  It  is  in  three  parts,  the  first  dealing  with  plain,  the 
second  with  alloyed  materials,  and  the  third  with  ferro-alloys  which 
find  an  increasing  use  in  foundry  practice.     (See  p.  195  a). 

Electrolytic  I^etennination  of  Copper  in  Steel.  H.  A.  Frediani 
and  C.  H.  Hale.  (Industrial  and  Engineering  Chemistry,  Anal3rtical 
Edition,  1940,  vol.  12,  Dec.  15,  pp.  736-737).  The  authors  review 
some  methods  for  the  electrolytic  determination  of  copper  in  steel, 
and  briefly  report  on  their  own  experiments  which  yielded  satis- 
factory results  on  Bureau  of  Standards  samples  representing  a  wide 
range  of  copper  concentrations.  They  used  a  special  cell,  a  sketch 
of  which  is  shown,  which  enabled  the  temperature  of  the  electrolyte 
to  be  controlled,  and  they  added  either  hydrofluoric  or  phosphoric 
acid  in  order  to  suppress  the  effect  of  ferric  iron  on  deposited  copper. 

The  Use  of  Sodium  Thiosulphate  instead  of  Sodium  Arsenite  in 
the  Detennination  of  Manganese  by  the  Persulphate  Uethod.  N.  V. 
Udovenko  and  E.  V.  Smekh.  (Zavodskaya  Laboratoriya,  1940, 
No.  4,  pp.  398-400).  (In  Russian).  The  results  obtained  by  the 
persulphate  method  of  determining  manganese  were  unchanged 
when  sodium  thiosulphate  was  used  for  the  final  titration  instead 
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of  sodium  arsenite.  Thiosulphate  can  also  be  used  for  the  potentio- 
metric  titration.  Sodium  thiosulphate  solution  is  to  be  preferred 
to  sodium  arpenite,  as  it  is  non-poisonous  and  more  stable,  particu- 
larly in  warm  weather. 

Pboto-Electric  Method  of  Determining  Nickel  in  Steels  and  Cast 
Irons.  V.  E.  Mal'tsev  and  T.  P.  Temirenko.  (Zavodskaya  Labora- 
toriya,  1940,  No.  4,  pp.  386-390).  (In  Russian).  In  a  preliminary 
investigation  a  study  was  made  of  the  optimum  conditions  for  the 
determination  of  nickel  by  the  colorimetric  method  involving  the 
oxidation  of  the  dimethylglyoxime  complex  with  bromine  water  in 
ammoniacal  solution  as  suggested  by  Feigl.  In  the  course  of  the 
investigation  the  use  6f  sodium  hydroxide  in  place  of  ammonia  was 
found  to  be  preferable.  A  spectro-photometric  curve  which  was 
obtained  showed  that  the  oxidised  nickel  dimethylglyoxime  com- 
pound has  a  maximum  absorption  in  the  range  of  4300-5000  A. 
In  analysing  irons  and  steels  the  iron  is  best  suppressed  by  the 
addition  of  sodium  potassium  tartarate.  The  following  elements,  in 
the  amounts  stated,  caused  errors  which,  at  most,  were  within  the 
limits  of  experimental  error :  Titanium  2%,  molybdenum  3%, 
vanadium  2%,  chromium  10%,  copper  2%  and  cobalt  1-5%.  The 
procedure  is  as  follows  :  0-1  g.  of  the  sample  is  dissolved  by 
warming  with  10  ml.  of  (1 : 3)  nitric  acid  in  a  100-ml.  graduated  flask. 
The  solution  is  cooled,  made  up  to  the  mark,  well  mixed  and  filtered 
if  necessary  to  remove  graphite.  5  ml.  of  the  solution  are  trans- 
ferred to  a  100-ml.  graduated  flask  and  10  ml.  of  a  20%  solution 
of  potassium  sodium  tartarate,  10  ml.  of  bromine  water  (1  ml.  of 
bromine  per  litre),  3  ml.  of  a  1%  alcoholic  solution  of  dimethyl- 
glyoxime and  5  ml.  of  a  5%  solution  of  sodium  hydroxide  are  added, 
the  solution  is  made  up  to  the  mark,  mixed  and  the  intensity  of 
the  coloration  is  determined.  The  final  nickel  determination  is 
obtained  from  a  calibration  curve.  The  time  required  is  13  min.  for 
steel  and  18  min.  for  iron,  and  the  results  are  accurate  within  2-4%. 

A  Note  on  the  Determination  of  the  Total  Salpbur  in  Iron  and 
Steel  by  the  Combustion  and  Volumetric  Methods.    (Vita's  Method). 

I.  K.  Yamada,  S.  Mitui  and  S.  Kiriyama.  (Research  Reports  of 
the  Sumitomo  Metal  Industries,  Ltd.,  1940,  vol.*  4,  Aug.,  pp.  83- 
103).  (In  Japanese).  With  a  view  to  overcoming  the  difficulties 
experienced  in  the  determination  of  sulphur  in  iron  and  steel  by 
combustion,  the  authors  studied  the  absorption  and  acidity  of  pure 
SOg,  SO2  +  SO3,  CO2  and  P2O5.  They  also  endeavoiu'ed  to  find 
the  most  favourable  temperature  of  combustion,  a  suitable  rate  of 
oxygen  flow,  and  a  method  which  would  render  the  admixture  of 
oxides  unnecessary. 

Third  Report  of  the  Oxygen  Sab-C!ommittee  of  the  Cfommittee  on 
the  Heterogeneity  of  Steel  Ingots.  (Iron  and  Steel  Institute,  1941, 
this  Journal,  Section  I).  Since  the  publication  of  the  Second 
Report  of  the  Oxygen  Sub-Committee,  which  appeared  as  Section  VI. 
of  the  Eighth  Report  on  the  Heterogeneity  of  Steel  Ingots,  the  work 
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of  the  co-operating  members  has  been  concerned  mainly  with  a  more 
detailed  study  of  existing  methods  of  determining  the  oxygen, 
nitrogen  and  hydrogen  in  steel,  rather  than  with  developing  new 
ones,  and  the  additional  knowledge  presented  in  this,  the  Third 
Report,  is  a  definite  advance  on  previous  conceptions  of  those 
methods.     The  present  Report  is   published   in   eleven   sections. 
Section  I.  is  introductory  in  character,  and  gives  a  list  of  the  per- 
sonnel of  the  Sub-Committee  and  some  remarks  on  the  scope  of  the 
present  report.     Section  II.  is,,  in  three  parts.     In  Part  A,  H.  A. 
Sloman  reviews  the  work  of  the  Oxygen  Sub-Committee  on  the 
vacuum  fusion  method  and  compares  the  forms  of  apparatus  in  use 
in  the  co-operating  laboratories ;    a  note  on  the  solid  solubility  of 
oxygen  in  high-purity  iron  is  included.     In  Part  B,  by  T.  Swinden, 
W.  W.  Stevenson  and  G.  E.  Speight,  some  typical  results  obtained 
by  the  fractional  vacuum  fusion  procedure  for  several  types  of  steel 
are  presented  and  compared,  in  some  instances  with  results  obtained 
by  the  alcoholic-iodine  method.     In  Part  C,  by  W.  C.  Newell,  the 
author  states  that  a  change  in  the  type  of  vacuum  pump  when 
determining  the  rate  of  evolution  of  hydrogen  from  steel  improved 
the  efficiency  of  the  apparatus  previously  described  (see  Joum.  I. 
and  S.  I.,  1940,  No.  I.,  p.  243  p).     The  aluminium  reduction  method 
of  determining  oxygen  is  dealt  with  in  Section  III.,  which  is  also 
in  three  paits.     In  Part  A,  N.  Gray  and  M.  C.  Sanders  describe 
recent  devdopments  in  the  design  apd  manipulation  of  the  apparatus 
for  this  method  using  an  atmosphere  of  hydrogen.     In  Part  B,  W.  W. 
Stevenson  and  G.  E.  Speight  give  a  description  of  the  aluminium 
reduction  method  as  operated  at  the  Central  Research  Department 
of  The  United  Steel  Companies,  Ltd.     In  Part  C,  E.  Taylor- Austin 
gives  an  account  of  the  application  of  the  aluminium  reduction 
method  for  the  determination  of  total  oxygen  to  a  series  of  pig- 
iron  samples.     The  chlorine  method  is  dealt  with  in  Section  IV. 
In  Part  A  of  this  section,  by  E.  W.  Colbeck,  S.  W.  Craven  and 
W.  Murray,  details  of  the  present  procedure  for  the  determination 
of  non-metallic  inclusions  in  steel  by  the  chlorine  method  are  given. 
In  Part  B,  the  same  investigators  review  the  applicability  and  utility 
of  the  chlorine  method.     Section  V.  is  concerned  with  the  alcoholip- 
iodine  method.     T.  E.  Rooney  discusses  in  Part  A  the  present 
position,  limitations  and  possibilitSes  of  this  method  of  determining 
the  oxides  in  low-  and  medium-carbon  steels.     W.  W.  Stevenson 
and  G.  E.  Speight  describe  in  Part  B  ^^e  conditions  necessary  for 
the  successful  operation  of  the  standard  alcoholic-iodine  method  for 
determining  the  oxide  inclusions  in  iron  and  steel,  as  well  as  the 
development  and  operation  of  a  simplified  method.     Section  VI. 
deals  with  the  aqueous-iodine  method  of  xietermining  oxide  inclu- 
sions.    In  Part  A,  by  E.  Taylor- Austin,  a  modification  of  this 
method  of  determining  non-metallic  inclusions  in  pig  iron  and  cast 
iron  is  described ;    the  method  is  one  which  has  been  successfully 
applied  to  a  series  of  more  than  forty  typical  pig  irons.     J.  G. 
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Pearce  discusses  in  Part  B  the  present  position  of  the  determination 
of  oxide  inclusions  in  pig  iron  and  cast  iron.  W.  W.  Stevenson 
explains  in  Section  VIL  that  experimental  work  is  proceeding  on 
the  suitability  of  the  hydrogen  reduction  method  for  determining 
that  part  of  the  oxygen  content  of  steel  which  corresponds  to  the 
low-temperature  fraction  of  the  fractional  vacuum  fusion  method, 
but  that  difficulty  has  been  met  with  in  the  selection  of  a  suitable 
refractory  material  for  the  furnace  tube ;  expcaiments  with  trans- 
parent silica  are  now  being  made.  In  Section  VJULl.,  G.  £.  Speight 
discusses  the  improvements  in  the  analysis  of  non-metallic  residues 
which  have  been  effected  since  the  publication  of  the  Second  Report 
of  the  Oxygen  Sub-Committee,  and  the  progress  made  towards 
complete  colorimetric  determination.  In  Section  IX.,  accounts  are 
presented  of  the  results  of  oxygen  determinations  by  various 
methods.  Part  A,  by  T.  Swinden  and  W.  W.  Stevenson,  is  a  report 
of  an  examination  of  the  oxygen  content  of  a  basic  Bessemer  rim- 
ming steel,  by  the  following  methods :  (a)  Microscopical  examina- 
tion ;  (6)  chlorine  extraction ;  (c)  alcoholic  iodine  extraction ;  and 
(d)  vacuum  fusion  determination  by  both  the  total  and  the  frac- 
tional procedure.  In  Part  B,  W.  B.  Maddocks  submits  a  note  on 
the  influence  of  carbon  on  the  alcoholic  iodine  method  for  the 
determination  of  oxygen  in  steel.  Section  X.  consists  of  a  general 
summary  of  the  present  report  by  T.  Swinden.  The  Mgork  in  hand 
and  future  programme  of  investigations  are  discussed  in  Section  XI. 
The  outstanding  feature  of  the  present  Report  as  regards  total 
oxygen  is  the  increased  confidence  which  is  being  obtained  in  the 
aluminium  reduction  method ;  further  work  on  the  possible  limit- 
ations and  on  improvements  of  this  method  form  a  definite  feature 
of  the  forward  programme. 

A  Micropbotometer  for  Spectrochemical  Analysis.  E.  M.  Thorn- 
dike.  (Industrial  and  Engineering  Chemistry,  Analytical  Edition, 
1941,  vol.  13,  Jan.,  pp.  66-67).  A  description  is  given  of  a  micro- 
photopaeter  for  measuring  the  density  of  spectrum  lines.  The 
apparatus  is  easily  assembled  from  standard  equipment,  parts  of 
which  are  available  in  most  laboratories.  A  microscope  forms  a 
convenient  foundation  for  the  apparatus.  The  photographic  plate 
to  be  measured  is  mounted  on  a  mechanical  stage  and  is  illimiinated 
by  a  single-filament  automobile  hd^ullamp  bulb.  An  enlarged  image 
of  the  spectral  line  is  directed  on  to  a  horizontal  slit  in  front  of  a 
photo-electric  cell  by  a  prism  mounted  on  a  strip  of  metal  which 
is  hinged  near  one  end  and  supported  by  a  micrometer  screw  at 
the  other.  The  cell  is  connected  to  a  galvanometer  the  scale  of 
which  is  mounted  over  the  microscope.  In  measuring  a  spectro- 
gram, the  image  of  the  spectral  line  is  brought  near  to  the  slit  by 
adjusting  the  mechanical  stage,  and  the  slit  is  turned  until  it  is 
parallel  to  the  image  of  the  line.  The  image  of  the  line  is  then 
centered  on  the  slit  approximately  by  adjusting  the  mechanical 
stage,  and  precisely  by  adjusting  the  micrometer  screw  until  the 
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minimum  galvanometer  deflection  is  obtained.    The  density  of  the 
line  is  computed  from  this  deflection. 

The  Iron  Cfonteni  and  the  Angle  of  Polarization  of  Chilled  Sur- 
faces of  Open  Hearth  Slag.  M.  Tenenbaum  and  T.  L.  Joseph. 
(Blast  Furnace  and  Steel  Plant,  1940,  vol.  28,  Dec.,  pp.  1157-1159). 
The  authors  describe  some  experiments  undertaken  with  the  object 
of  determining  the  relation  between  the  refractive  index  of  an 
open-hearth  slag  and  the  iron  content  of  the  slag.  The  refractive 
index  of  an  isotropic  substance  is  equal  to  the  tangent  of  the  polar- 
isation angle.  In  the  present  investigation  the  angles  of  polar- 
isation of  the  samples  of  slag  were  measured  with  a  modified  Fuess 
goniometer.  The  slag  samples  were  taken  from  industrial  furnaces 
during  the  refining  periods  of  typical  basic  open-hearth  heats  and 
were  chilled  rapidly  by  pouring  them  into  cast-iron  moulds.  A 
portion  of  each  sample  was  used  for  chemical  analysis  and  pieces 
i  in.  to  i  in.  square  from  the  lower  surface  were  polished  for 
examination  with  polarised  light.  It  became  apparent  that  the 
total  iron  content  of  the  slag  expressed  as  mols  of  ferrous  oxide 
was  more  significant  than  the  percentage  values  when  determining 
the  angle  of  polarisation.  In  calculating  the  mols  of  ferrous  oxide 
in  the  slag,  each  mol  pf  ferric  oxide  was  taken  to  be  equivalent  to 
two  mols  of  ferrous  oxide,  and  the  molar  value  of  the  former  was 
added  to  that  of  the  latter,  which  was  calculated  firom  the  ferrous- 
oxide  content  obtained  by  chemical  analysis.  A  table  of  the  iron 
contents  and  the  angles  of  polarisation  of  a  large  number  of  slag 
samples  is  presented,  together  with  a  curve  demonstrating  the 
relation  between  these  two  factors.  It  was  evident  that  the  angle 
of  polarisation  increases  with  increasing  iron  content  expressed  as 
mols  of  ferrous  oxide. 

Determination  of  Organic  Sulphur  in  Cfombostible  Gas.  F.  M. 
Rogers  and  R.  F.  Baldaste.  (Industrial  and  Engineering  Chemistry, 
Analytical  Edition,  1940,  vol.  12,  Dec.  15,  pp.  724-725).  The 
authors  have  developed  a  relatively  rapid  method  for  the  determina- 
tion of  organic  sulphur  in  fuel  gas,  which  is  suitable  for  the  deter- 
mination of  less  than  13  mg.  of  sulphur  per  100  cu.  ft.  of  gas.  The 
gas  is  burned  with  purified  air  in  a  special  burner,  illustrated  in  the 
paper.  The  sulphur  dioxide  resulting  from  the  combustion  of  the 
gas  is  absorbed  in  sodium  hypobromite  solution,  and  the  sulphate 
formed  is  determined  "  turbidimetrically "  according  to  Sheen, 
Kohler  and  Ross  {see  Industrial  and  Engineering  Chemistry,  Analyt- 
ical Edition,  1935,  vol.  7,  p.  262). 

Determination  of  Sulphur  in  Coal  and  Cfoke.  H.  L.  Brunjes  and 
M.  J.  Manning.  (Industrial  and  Engineering  Chemistry,  Analytical 
Edition,  1940.  vol*  12,  Dec.  15,  pp.  718-720).  The  authors  discuss 
the  three  methods  for  the  determination  of  sulphur  in  coal  and  cpke 
which  have  been  accepted  as  standard  by  the  A.S.T.M.,  tnz.,  the 
Eschka,  the  peroxide-fusion  and  the  bomb- washing  methods.  They 
also  describe  the  modified  Eschka  method  they  have  developed,  in 
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which  the  ignition  period  can  be  shortened  to  approximately  50-60 
min.  They  applied  this  modified  Eschka  method  in  some  three 
thousand  tests  made  on  coals  ranging  from  anthracite  to  lignite 
and  containing  0*40-16-00%  of  sulphur.  Some  of  the  results 
obtained  are  reproduced  in  a  table  and  ^compared  with  thoto 
obtained  with  the  standard  Eschka  and  peroxide-fusion  methods. 
Method  of  Analyzing.  Cliiome  Ore  and  Chrome-Ore  Befractory 
Products.  A.  J.  Boyle,  D.  F.  Musser  and  0.  S.  Keim.  (Bulletin 
of  the  American  Ceramic  Society,  1941,  vol.  20,  Jan.,  pp.  7-9). 
The  authors  have  developed  a  comparatively  rapid  method  for  the 
analysis  of  chrome-ore  and  chrome-ore  refractories,,  u^ng  four 
separate  samples  for  the  determination  of  chromium,  silicon,  iron, 
and  iron  and  aluminium,  respectively.  The  samples  are  in  all  ca^es 
fused  with  sodium  peroxide.  The  solvents  used  and  the  materials 
of  the  crucibles  are  as  follows  : 

Determination.  ,  Oracible.  Solvent. 

OjO, . .  .  .  .     Iron  Water. 

SiO,      ....     Iron  ^ 

Fe,0,  -f  A1,0,        .  .     Silica         ^Perchloric  acid  (60%) 

Fe,0,   ....     Nickel       J 

Calcium  and  magnesium  are  determined  in  the  fQtrate  of  th# 
FcgOg  +  AI2O3  precipitate.  The  authors  point  out  that  the 
chiomate  present  does  not  interfere  with  the  precipitation  of 
magnesium  as  MgNH4P04. 
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[References  to  the  papers  read  before  the  Institute  are  indicated  by  the 
woni  Paper  following  the  page  number.  The  letter  P.  denotes  a  reference  in 
Section  I.  of  the  Journal  which  contains  the  reports  of  the  proceedings  of 
meetings,  the  papers  read,  and  the  discussions  thereon.  The  letter  A. 
denotes  a  reference  to  the  section  dealing  with  abstracts. 

Indexing  of  Alloy  Steels  and  Other  AUoya,  In  the  indexinf^  of  ^alloy  steels, 
carbon  and  iron  are  ignored  and  the  alloying  elements  contained  in  the  steel 
are  arranged  in  alphabetical  order  ;  for  example,  all  references  to  nicM- 
ohromium-motybdenum  steel  will  be  found  under  the  heading  ohromium- 
molybdenum-niokel  steel.  In  the  indexing  of  other  alloys,  carb;>n  and  iron, 
when  present,  are  included  in  the  title;  iron,  when  present,  is  alwajrs  men- 
tioned first  and  the  other  elements  follow  in  alphabetical  order,  carbon  being 
in  all  cases  mentioned  last.  Examples  :  "  Iron-8ilicon>carbon  alloys  **  ana 
**  iron-chromium-nickel-carbon  alloys."] 


Abnormality  : 

carburised  steel,  215^. 

relation  to  carbide  stability,  grain 

size  and  hardenability,  74^1. 
steel,  effect  of  oxygen,  222 A. 
Abrasion.     See  Wear. 
Acid  Bessemer  Process,  48^. 
Acid  Bessever  Steel,  dephosphor- 

isation,  152^. 
Acid  Open-Hearth  Practice,  153^. 
Acid   Open-Hearth   Steel,   strain - 

etch  markings,  133P. 
Acid  Resistance  : 

iron-chromium-cobalt  alloys,  117X. 
iron-chromium-copper  alloys,  117^1 
iron-chromium-manganese     alloys, 
117^. 
Acid -Resistant  Cast  Iron,  proper- 
ties, 223^. 
Adamson,    Daniel    A    Ck>.,    Ltd., 
stress-relieving  of  welds,  15^1. 
Aoe-Hardenino,  strip,  66^. 
Aircraft    Construction,    stainless 

steels,  225^. 
Aircraft  Engine  Cylinders,  plating 

and  pcunting,  180il. 
Aircraft  Metals,  corrosion,  34^. 
Aircraft  Parts  : 

protective  coatings,  23^. 
welding,  atomic-hydrogen,  166^. 
Aircraft  Sheets,  fatigue  and  damp- 
ing capacity,  64^. 
Aircraft  Tubes,  use  of  chromium- 
molybdenum  steel,  2SA. 
Alabama  Coal,  properties,  4A, 


Alclad  : 

d£unping  capCKsity,  64^. 

fatigue,  Q4A., 
Vlkalibs,      effect      on      refractory 

materials,  39^.,  40^1.,  87^. 
Alloy  Systebcs,  137^1. 
Alloys : 

chromium-nickeU  properties,  185^1. 

crystallisation,  73^. 

elasticity  modulus,  23^. 

graphitisin^,    use    for '  converting 
white  uron  to  grey,  QA, 

iron,  hard  spots,  70 A, 

iron,  inverse  segregation,  70^. 

iron-aluminium,  properties,  185^. 

iron-carbon,   efiefct   of  grain   size, 
cooling  rate,  3M.,  73il. 

iron-chromium-cobalt,      acid      re- 
sistemce,  117^1. 

iron-chromium-copper,      acid      re- 
sistance, 117^. 

iron-chromium-manganese,        acid 
resistance.  111  A. 

iron-molybdenum,      precipitation- 
hcurdening,  100^. 

iron-nickel,  magnetisation,  temper- 
ature changes,  133^1. 

iron-nickel,  neutron  study  of  order, 
138^. 

iron-nickel,  properties,  71^1. 

iron-phosphorus,  properties,  223^. 

iron-tungsten,     precipitation-hard- 
ening, 106^. 

properties    at   high   temperatures, 
108ul. 
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Alloys  (contd.) — 

use  for  chemical  plants,  69^. 
Aluminium  : 

anodising,  175^. 
corrosion  in  ethyl  alcohol,  231  A. 
corrosion  in  railway  tunnel,  232 A. 
effect  in  cast  iron,  inclusions,  2491^. 
effect    in    chromium-molybdenum 

steel,  114A, 
effect    in    steel,    martensite   point 
and  amount  of  retained  austen- 
ite,  714. 
effect  in  steel,  tempering,  5BA. 
effect  in  steel  castings,  122 A, 
stress  measurement,  103^. 
Alumtnium-Chbomium-Molybdenum 
Steel,  manufacture  in  electric 
funmce,  155^. 
Aluminium  Powder,  addition  to  re- 

frfikctory  materials,  2 A, 
American  Rolling  Mill  Co.  : 
coal  consumption,  4 IX. 
slabbing  mill,  10^. 
strip  mUls,  10 A. 
Analysis,  7SA,  1394.,  235A. 

alloy  steel,  use  of  Spekker  Steelo- 

scope,  794.,  141A. 
cast  iron,  2^5 A. 
chrome  ore,  240X. 
chrome  refractories,  240X. 
ferro  alloys,  235 A. 
insoluble  residues,  371  Paper. 
spectrum,  141.4. 
spectrum,     microphotometer     for, 

2384. 
statistical,     use     in    metallurgical 

problems,  SA. 
statistical,   use   in   steel   industry, 
914.,  2094. 
Angles,  rolling,  roll  design,  1694. 
Annealing  : 

bright,  chromium-nickel  steel,  14 A. 
continuous,  strip,  14^.,  15 A, 
effect     on    steel,     recovery    from 
fatigue,  105^. 
Annealing  Furnaces,  electric,  for 

malleable  cast  iron,  46 A. 
Appleby-Frodingham    Steel    Co., 
Ltd.,  preparation  of  ironstone, 
USA, 
Armour  Plate,  forging,  94 A. 
Armstrong-Whitworth  Process  for 
production  of  high-carbon  iron, 
120  A. 
Asphalt-Mastic  Coatings,   for  gas 

mains,  23 A. 
AssEL  Mill  for  rolling  shells,  210 A. 
Associates,  election,  16P. 
Atmospheres  : 

controlled,  use  in  heat  treatment. 


Atmospheres  {contd.) — 

144.,  664.,  67^.,  97^.,  163^1., 
IQ4A. 
protective,    effect    on    refractory 
materials,  40^.,  1444. 
AuDOOLOY,  properties,  134A. 
Auoust-Thyssen-Hutte,       process- 
control  methods,  206^1. 
Austenite  : 

retained,  in  chromium-nickel  steel* 

effect  of  quenching,  75A. 
retained,  in  steel,  effect  of  elements, 

744. 
solubility     of    titanium     carbide, 

237P.,  267P. 
transformation,     in     molybdenum 

cast  iron,  115A. 
transformation,  in  steel,  effect  of 

constant  cooling,  16 A. 
transformation,  in  steel,  effect  of 
molybdenum,  76^1. 
Australian  Iron  and  Steel,  Ltd.  : 
machining  of  crankshafts,  61.4. 
metal  mixers,  2074.  ^ 

Automobile  Castings,  manufacture, 

161.4. 
Automobile  Construction  : 
o€ist  iron  for,  IS4A. 
metckls  and  alloys  for,  29.4. 
Automobile    Crankshafts,    manu- 
facture, 47  A. 

Baldwin-Omes   Forging  Machine, 

94A. 
Ball-Bearing  Steel,   manufacture 

in  basic  open-hearth  furnace, 

1544. 
Bars,  cold-drawn,  residual  stresses, 

130^. 
Barvoys   Coal-Cleaning   Process, 

3A.,  119^. 
Basic     Bessemer     Steel,     oxygen 

.  content,  375  Paper. 
Basic  Electric  Furnace  Practice, 

to  reduce  flakes  in  steel,  92X. 
Basic  Open-Hearth  Furnaces  : 
manufacture   of  high-grade   steel, 

1644. 
use    of   chrome-magnesite    bncks, 

)36^. 
Basic  Open-Hearth  Practice,  206 A. 

Dzerzhinskiy  Works,  154A. 
Basic  Open-Hearth  Process,  201^1. 
Bearing     Rings,     flame-hardening, 

125  A. 
Bearings,  rolling-mill,  124^. 
Belectromal,  64. 
Belle  City  Malleable  Iron  Co., 

manufactiu^  of  malleable  cast 

iron,  64. 
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Belmalloy,  6^.* 

Bending    Propebties,     cold-drawn 

wire,  1044. 
Bending    Stresses,    repeated,    be- 
haviour   of    steel    under,    in 
sodium    hydroxide    solutions, 
136P. 
BEBYiiLinM,    cementation    of    steel, 

161X. 
Bessemeb  Convebtebs  : 

tilting  appcuratus,  2044. 

velocity  of  air  stream,  153^. 
Bessemeb  Gold  Medal,  awarded  to 

T.  Swinden,  2P. 
Bessemeb  Pbgoess,  acid,  48^. 
Bessemeb  Steel  : 

acid,  dephosphorisation,  152^. 

basic,  oxygen  content,  375  Paper. 

corrosion,  atmospheric,  287P. 

use  for  rolled  sections,  204^. 
Bethanizing  Pbocess,  179^. 
Bethlehem  Steel  Co.  : 

Bethanizing  process,  179^. 

boiler  plant,  119^. 

tube  nulls,  160^. 

use  of  scrap  in  blast-fumcM^e,  147^. 
BiBLIOGBAPHY,  82^.,  143^.,  2404. 

determination  of  nitrogen  in  iron 
and  steel,  141X. 

diffusion  coatings,  1764. 

fatigue  of  metab,  26 A, 

flakes  and  shatter  crckcks  in  steel, 
25A. 
Billets  : 

deseeuuing,  19^. 

reheating  furnaces,  94';  209^. 
Blast,  drying  for  cupolas,  Kathabar 

system,  6A, 
Blast-Fubnaoe  Flue  Dust  : 

output,  42X. 

use  for  impregnating  coke,  43 A. 
Blast-Fubnaoe  Gas  : 

burning,  safety  precautions,  34. 

cleaning,  4X. 

electrical  cleaning,  44. 
Blast-Fubnace     Fbagtice,     South 

Africa,  42  IP. 
Blast-Fubnace  Slag  :  0 

temperature,     relation     to     com- 
position of  iron,  202^. 

use  in  building  and  road  construc- 
tion, I47J. 
Blast-Fubnaces  : 

charges,  physical  behaviour,  201^. 

charging,  200^. 

flow  of  gas,  43 A. 

hearths,  break-through,  146-4. 

manufacture  of  ferro -silicon,  44 A. 

output  of  flue  dust,  42^. 

reconstruction,  200^. 


Blast- Fubnaoes  (corUd.) — 
refractory  materials,  199^. 
relation   between   temperature   of 
slag  and  composition  of  iron, 
2024. 
tapholes,  use  of  clay  gun,  1464. 
use  of  iron-impregnated  coke,  43^. 
use  of  scrap,  147^. 
use  of  sinter,  120^. 
Blueing,  firearms,  16^. 
BoFOBS   Gun   Babbelb,   machining, 

218^. 
BoHiSB  Plants  : 

Bethlehem  Steel  Co.,  1194. 
Weirton  Steel  Co.,  11^4. 
Boileb  Plates  : 

behaviour  under  repeated  bending 
stresses   in   sodium-hydroxide 
solutions,  136P. 
intercrystalline  cracking,  93  Report. 
strain-etch  markings,  133P. 
welded,  fatigue' tests,  13M. 
BoHiEB  Pbagtiob,  steel  plimts,  88^., 

200.4. 
Boileb  Steel,  crack  formation,  1314. 

BOILEBS  : 

caustic  embrittlement,  93P.,  1384., 
234^. 

control  of  combustion,  3.4. 

design,  SSA. 

waste-heat,  2004. 

welding,  100^. 
Bolt   Faotoby,    conveyor   systems, 

95^. 
Book  Notices  : 

American  Institute  of  Mining 
and  Metallurgical  Engineers, 
*  *  Transactions,  *  *  vol.  140, 
'*Iron  and  Steel  Division,*' 
79^. 

British  Cast  Iron  Research  Assoc., 
'*  Sampling  and  Chemical 
Analysis  of  Cast  Ferrous 
Metals,**  1954. 

Bum,  D.  L.,  **  Economic  History 
of  Steehnaking,"  80.4. 

"  Factory  Training  Manual,**  196^1. 

Imperial  Institute,  '*  Chrome  Ore 
and  Chromium,'*  81.4. 

Morley,  A.,  *  *  Strength  of  Materials,*' 
9th  ed.,  36^. 

Newitt,  D.  M.,  **  Design  of  High- 
Pressure  Plant,'*  37-4. 

Wilson,  W.  K.,   **  Practical  Solu- 
tion   of    Torsional    Vibration 
Problems,**  vol.  1,  142.4. 
BoBiNG  Babs,  moulding,  90^. 
BoBON,  cementation  of  steel,  54.4 . 
Bbazil,  iron  industry,  45 A, 
Bbazinq,  use  of  salt  baths,  17^4. 


nS-^ 


^A 


SUBJECT  INDBX. 


BRINELIi    HaBI>K£S8    TbSTS,    UflO    of 

miorosoope,  221  A. 

Bbittle  Range,  ingot  iron,  108l^. 

Brokjbn  Hill  Pbopbietaby  Co., 
Ltd.,  'manufacture  of  ferro- 
alloys, 202^1. 

BuiLDiNO  CoNSTBuonoK,  use  of 
blast-furnace  slag,  147^1. 

BULLABD-DUNN    PlOKLIKO    PbOOESS, 

174X. 


Calcium,    e£fect    in    steel    castings, 

122^. 
Calorific  Value  : 
carbon  in  coal,  119^. 
ooal,  3^. 
Canada,  iron  ore  deposits,  38^. 
Canadl^n  FuBZfAGE,  Ltd.,  pig-cast- 

ing  machine,  6A. 
Carbide,  titanium-tungsten,  use  for 

cutting  tools,  130 A. 
Carbide  Stability,  relation  to  grain 
size,  abnormality  and  heuxlen- 
ability,  74^1. 
Cabbon  : 

absorption    by    high-speed    steel 

during  heat  treatment,  97^. 
in  coal,  calorific  value,  119^1. 
determination  in  coal,  79^4. 
effect  in  cast  iron,  90^1. 
effect  in  steel,  oxygen  determina- 
tion, 380P. 
effect  in  steel,  properties  at  high 

temperatures,  185^4. 
temper,    in    malleable    cast    iron, 
structure,  203P. 
Carbon  Monoxide  : 

action  in  carburisation,  96^. 
detection,  3 A.  • 
Carbon  Steel  : 

coefficient  of  expansion,  108^. 
heat  of  transformation,  108^. 
internal  friction,  104^1. 
properties   at    high   temperatures, 

133^. 
specific  heat,  108^. 
thermal  conductivity,  108^4. 
Carbonisation  : 

Cellan- Jones  process,  200^. 
Curran-Knowles  process,  88-4. 
Carburisation  : 

action  of  carbon  monoxide,  96^. 
gaseous,  12^.,  52-4.,  96^. 
gaseoius,  Hypercarb  process,  162^. 
ine<*hanisin  of  diffusion,  54 A. 
Carburised  Stbbl,  abnormal  struc- 
ture, 215^. 
C.vKHu RISING  Compounds,  energisers 
for,  63^. 


Cabnegie-Illinois  *  Steel     Corp., 

heat-treatmeiit  plant,  15il. 
Cabneoib  Rbseaboh  Gbantb,  awards, 

17P. 
Casb-Habdbniko,  161il. 

ohromium-manflanese  steel,  214^. 
« chromium-molyixlenum  steel,  214^. 

chromium  steel,  216^. 

use  of  salt  bat^,  214^. 
Casb-Habdenino  Stkkl,  properties, 

224A. 
Case  Habdkbss  : 

ehromimn-niokel  steel,  effect  of 
nitrogen,  67 A. 

chromium  steel,  efieot  of  nitrogen, 
6fA. 
Cast  Ibon  : 

acid-resistaiit,  properties,  223A, 

alloy,  properties  at  high  tempera- 
tures, 184il. 

analysis,  235^. 

chill  depth,  effect  of  tellurium,  7 A, 

chilled,  control  of  chill  depth,  7 A. 

chromium,  properties,  110l4. 

copper-nickel-silioon,  134^1. 

corrosion,  galvanio,  effect  of  com- 
position and  maorostructure, 
231i4. 

corrosion  in  railway  tunnel,  232^4. 

definition,  68 A. 

desulphurisation,  148^. 

effect  of  copper,  27^1.,  63^4. 

effect  of  elements,  90^. 

effect  of  ladle  additions,  110^. 

effect  of  sulphur,  67 A. 

effect  of  vanadium,  109^1. 

eleotrodeposition  of  nickel,  175^. 

graphite  flakes,  195  Paper. 

graphite  flakes,  structure,  I99P. 

graphitisation,  effect  of  manganese, 
149i4. 

heat-resistant,  properties,  223A, 

heat- tinting,  258u4. 

inclusions,  dassiflcation,  209P. 

inclusions,  effect  of  aluminium, 
249P. 

inclusions,  effect  of  zirconium, 
240P. 

inclusions,  metallography,  207 
Paper, 

iron  sulphide,  21  OP. 

machinability,  217il. 

malleable.  See  MaDeable  Cast 
Iron. 

manganese  sulphide,  21  OP. 

molybdenum,  austenite  transforma- 
tion, 115^. 

molybdenum,  properties,  186^. 

I^earlite  transformation,  190^. 

phosphide  euteotio,  267 A, 
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Cast  Iron  (corUd.) — 

polishing,      metallographic,       195 
Paper. 

reinforcement  with  steel,  188^. 

seizure  under  sliding  fricrtioii,  66^. 

silicon,  properties,  223^. 

structure,     efTect     of     inclusions, 
203P. 

titanium  ecurbide,  235P. 

titanium  cyano-nitride,  223P. 

titeuiium  sulphide,  224^. 

torsion  tests,  219^. 

transformation,  isothermal,  230^. 

use    for   automobile   construction, 
184^. 

use  of  graphitising  alloy,  6A, 

use    for    moulds    in    glass    manu- 
feature,  28^. 

vanadiiun  carbide,  235P. 

weldability,  17  A. 

welding,  102^1. 

welding  electrodes,  169^. 

welding,  use  of  bronze  rods,  16^. 
Casting  : 

boring  bars,  90^. 

centrifugal,  gear  blanks,  48^. 

centrifugal,  pipes,  203 A. 

continuous,  Qoss  method,  204^. 
Casting  Maghikb,  pig  iron,  5^. 
Castings  : 

alloy  steel,  manufacture,  46^1. 

automobile,  manufacture,  151X. 

gates  and  risers,  lA. 

iron,  defects,  7 A. 

iron,  effect  of  condition  of  mould- 
ing sand,  68^. 

iron,  gases  evolved,  91A, 

iron,  manufacture,  121^. 

iron,    shrinkage,    effect    of  mould 
conditions,  151^1. 

manganese    steel,    pearlitic,    heat 
treatment,  90 A. 

silicon-iron,  manufacture,  122^1. 

steel,  chaplets,  150A. 

steel,  effect  of  elements,  122^. 

steel,  moulding  sand  for,  203^. 

stool,  solidification,  46^. 

tests,  28^. 
Caterpillab    TRA.OTOB    Co.,    heat- 
treating  prckctice,  14A, 
Cathodio  Protection,  pipes,  36 A. 
Caustic     Embrittlement,     boilers, 

93P.,  138^.,  234^. 
Cellan- Jones  Carbonisation  Pro- 
cess, 200-4. 
Cementation  : 

steel  with  beryllium,  161^. 

steel  with  boron,  54^. 
Chambeb  of  Mines  Steel  Pboducts, 
plant,  152^. 


Chance    Coal-Cij5Anin9    Pbocbss, 

3A\,  n9A, 
Chapi^ets,   fusion  in  steel  castings, 

150^. 
Chabcoal  Pio  Iron,  manufacture  in 

Urals,  146^. 
Chegkbb    Bbioks.    See    Refractory 

Materials,  1444. 
Checkebwobk,  Loftos,  for  regenera- 
tors, 205^. 
Chemical  Plant,  alloys  for,  69^. 
Chevenabd  Micbohachinie,  24i4. 
Chill,    inverse,    in    malleable    cast 

iron,  149^. 
Chilled  Cast  Ibon,  control  of  chill 

depth,  7 A. 
Chilled  Wheels,  manufacture,  7 A, 
Chbome     Bbioks.    See     Refractory 

Materials. 
Chbome-Doloiotb      Refbactobies. 

See  Refractory  Materials. 
Chrome-Maonbsitb       Bricks.    See 

Refractory  Materials. 
Chbome  Obe,  analysis,  240^1. 
Chbome  Obe  Dsposrrs,  World,  38^1. 
CHBOMinM : 

determination  in  chromium-nickel 

steel,  7SA, 
effect  in  steel,  111^. 
effect  in  steel,  martensite  point  and 
amount  of  retained  austenite, 
74A. 
effect  in  steel,  tempering,  58^. 
electrodeposition,  176^1. 
electrodeposition,  disposal  of  waste 
liquors,  177^. 
Chbomium    Cast    Ibok,    properties, 

110^. 
Chbomittm  Coatings  : 

thickness  measurement,  176^. 
X-ray  examination,  30A. 
Chbomium-Copfeb-Silicok      Steel, 
corrosion,  atmospheric,  287P. 
Chbomium  -  Manganese  •  Molyb- 
denum      Steel,     pA>perties, 
136^.  ^ 

Chbomixtm-Manoanese  Steel  : 
case  hardening,  214^. 
properties,  135^.,  185^. 
Ckromium  -  Molybdenum  -  Nickel 
Steel: 
creep,  664. 
properties,  28X. 
Chromium  -  Molybdenum  -  Nickel 
Steel  Txtbes,  effect  of  com- 
bined stress,  29 A, 
Chromium  -  Molybdenum  •  Silicon 
Steel  : 
creep,  66^. 
propcHTtiee,  lllil. 
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Chbomium-Molybdbnum  Stebl  : 

cckse-hardening,  214^. 

damping  capacity,  effect  of  mag- 
netic fields,  2QA. 

effect  of  copper,  28^. 

effect  of  manganese,  28^1. 

effect  of  silicon  and  aluminium, 
114^. 

effect  of  titanium,  28^. 

oxidation,  effect  of  transformation, 
19M. 

properties,  111^. 

CHHOMIUM-MOLYBDEinTM-VANADnjM 

Steel,  creep,  66^. 
CHBOMiUM-NiCKEii,  electrodepositiou 

on  tinplate,  175^. 
Chbomium-Nickel  Alloys,   proper- 
ties, 185X. 
Chbomiijm-Nickel  Steel  : 

bright-annealing,  14^. 

case  hardness,  effect  of  nitrogen, 
67^. 

coefficient  of  expansion,  108^. 

corrosion,  34tA, 

damping  capacity,  64^. 

determination  of  manganese, 
chromium  and  nickel,  78^. 

effect  of  molybdenimi,  112X. 

etching,  IIlJl. 

fatigue,  64^. 

fatigue,  effect  of  stress  and  corro- 
sion, 35^. 

fatigue  strength,  effect  of  type  of 
stress,  26A. 

heat  of  transformation,  108^. 

magnetic  permeability,  effect  of  heat 
treatment  and  cold- work,  27^4. 

manufacture  in  basic  open-hearth 
furnace,  154^4. 

oxidation,  effect  of  transformation, 
19M. 

polishing,  229^. 

properties,  11 IX.,  185^4. 

retained  austenite,  effect  of  quench- 
ing, 7  5  A. 

specific  heat,  lOSA. 

temper  colours,  99-4. 

thermal  conductivity,  1084. 
Chromium-Silicon    Steel,     proper- 
ties, IS5A, 
Chromium  Steel  : 

case-hardening,  21541. 

case  hardness,  effect  of  nitrogen, 
674. 

hardening,  dimensional  changes, 
57A. 

properties,  28A.,  111-4.,  185-4. 

temper  colours,  99.4. 
Chbomxum-Steel  Scrap,  melting  in 
electric  furnace,  155^4. 


Chbomium  -  Tungsten  .  Vanadium 
Steel  : 

grain  size,  73-4. 

heat  treatment,  carbon  absorption, 
97X. 
CHBOMnTM-VANADinM   Stbel,   Weld- 
ing, 594. 
Clad  Mbt-als,  production,  22-4. 
Clay  Gxtn,  use  for  blast-furnace  tap- 
holes,  146-4. 
Cleaning  : 

blast-furnace  gas,  4-4. 

coal,  Barvoys  process,  3-4.,  119.4. 

coal.  Chance  process,  34.,  119-4. 

coal.  Loess  process,  3-4. 

coal,    Staatsmijnen-Loess   process, 
1194. 

coed,  Tromp  process,  3-4.,  1194. 

metals,  19  A,,  1734. 
Coal  : 

-Alabama,  properties,  4-4. 

calorific  value,  3-4. 

cleaning,    Barvoys    process,    3-4., 
1194. 

cleaning.     Chance     process,     3-4., 
1194. 

cleaning.  Loess  process,  34. 

cleaning,   Staatsmijnen-Loess  pro- 
cess, 1194. 

cleaning,  Tromp  process,  34.,  1 194. 

consumption  in  steel  plants.  414. 

determination  of  carbon,  794. 

determination  of  hydrogen,  794. 

determination  of  sulphur,  2394. 

Indian,  coking  properties,  414. 

pulverised,  use  in  heat-treatment 
furnaces,  414. 

pulverised,  use  in  soaking  pits,  414. 

screening,  34. 
Coal-Cleaning  Plant,  Prinu-ose  Hill 

CoUiery.  34. 
Coal  Deposits,  Siberia,  384. 
Coal     Gas,     effect     on     refractory 

materials,  14. 
Coal   Liquefaction   Plants,    alloy 

steels  for,  1114. 
Coating,  metals,  214.,  1754. 
Coatings  : 

for  aircraft  peui>s,  234. 

asphedt-mastic,  for  gas  mains,  234 . 

cliromium,  thickness  measurement, 
1764. 

chromium.  X-ray  examination,  304 . 

concrete,  on  pipes,  1824, 

diffusion,  1764. 

diffusion,  bibliography,  1764. 

electrodeposited,     corrosion    tests, 
1944. 

enamel,    thickness    determination, 
224. 
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CoATiNOS  {contd.) — 

for  foundry  patterns,  46^. 
galvanised,  properties,  22 A. 
lacquer,   use   for  measurement   of 

stress,  25 A, 
metallic,  corrosion-fatigue,  234^1. 
nickel,  adhesion,  177^. 
nickel,  corrosion,  effect  of  polishing, 

195^. 
protective,    corrosion    in    railway 

tunnel,  232^4. 
rubber,   on  steel,   Metalastik  pro- 
cess, 182^. 
sulphur-resistant,  ontinplate,  180^. 
tin,  crystal  structure,  30^. 
tin,  streaky,  181^. 
for  water  mains,  23^. 
wear-resistant,  for  cylinder  liners, 

132X. 
zinc,  properties,  178^. 
zinc,  thickness  mecusurement,  179^4. 
Cobalt,   effect   in  steel,   martensite 
point  and  amount  of  retained 
austenite,  74^. 
Coefficient  of  Expansion  : 
carbon  steel,  108^. 
chromium-nickel  steel,  108^. 
high-speed  steel,  108^. 
manganese  steel,  108^. 
nickel  steel,  108^. 
Coke  : 

determination  of  sulphur,  239^. 
dry- quenched,  145^. 
iron-impregnated,     use    in    blast- 
furnaces, 43i4. 
reactivity,     effect     of     ash     con- 
stituents, 41^. 
shrinkage,  145^. 
Coke- Oven  Gas  : 

electrical  cleaning,  4 A. 
oil  recovery,  4A, 
Coke-Ovens,  Simon  Carves,  4X.     r 
CoKiNO   Industry,    corrosion   prob- 
lems, 117^. 
Coking  Practice,  201^. 
Coking  Properties  : 
Alabama  coal,  4^4. 
Indian  coal,  41^4. 
Cold -Drawn  Steel,  residual  stresses, 

130^. 
Cold -Drawn     Wire,     fatigue     and 

bending  properties,  104^4. 
Cold    Metal    Process    Co.,    heat- 
treatment  furnace,  15^. 
Cold -Rolled  Iron,  crystal  structure, 

30-4. 
Cold-Rolled  Strip,  structure,  136-4. 
Cold -Rolling,    tubes,    Rockwright 

mill,  52 A. 
Cold -Rolling  Tests,  welds,  172.4. 


Cold- Work,    effect    on    chromium- 
nickel    steel,    magnetic    per- 
meability, 27.^. 
Colorado  Fuel  and  Iron  Corpora- 
tion, plant,  204^. 
CoLOURiNO,  stainless  steel,  77^. 
Colt's  Patent  Fire  Arms  Manu- 
facturing   Co.,    heat    treat- 
ment plant,  16X. 
Combustion  : 

control  in  boilers,  3.^. 
speed,  effect  of  mixing  gas  and  air, 
145^. 
Compression    Testing    Machines, 

speed  control,  102.^4. 
Concentration  : 

iron    ore,    sink-and-float    method, 

118i4. 
manganese  ore,  198.^. 
Concentration  Plant,  purification 

of  water,  118.^. 
Concrete  Coatings  on  pipes,  182.^. 
Conductivity  : 

electrical,     cast     iron,     effect     of 

copper,  63^. 
thermal,  carbon  steel,  108.^. 
thermal,  cast  iron,  effect  of  copper, 

63A. 
thermal,     chromium-nickel     steel, 

108^. 
thermal,  high-speed  steel,  108^4. 
thermal,  manganese  steel,  108^. 
thermal,  nickel  steel,  108^4. 
Continental    Steel   Corporation, 

sheet  mills,  160.^. 
Control: 

combustion  in  boilers,  3.^. 
electron    tube,    rolling-mill  opera- 
tions, 11.4.        , 
production  in  forge  shops,  94A. 
soaking  pits,  209^. 
steel  production,  August-Thyssen- 
Htitte,  206^. 
Converters : 

Bessemer,  tilting  apparatus,  204.^4. 
Bessemer,  velocity  of  air  stream, 
153^. 
Conveyor  Systebis  for  bolt  and  nut 

factory,  95 A. 
Cooling  Cracks,  in  steel,  183^4. 
Cooling   Rate,    iron-carbon   alloys, 
effect     of     grain-size,     31  k., 
7ZA. 
Copper  : 

corrosion  in  railway  tunnel,  232.^. 
determination   in   iron   and   steel, 

2364. 
effect  in  cast  iron,  21  A,,  63 A, 
effect    in    chromium-molybdenum 
steel,  2SA, 
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CrOPPmt  {conid.) — 

effect  in  steel,  martensite  point  and 
amount  of  retained  austenite, 

effect  in  steel,  tempering,  58^. 
electrodeposition    on    die-castings, 
1762. 

CoPPER-NlCKSL-SlLICON    CAST    IrON, 

134^. 
CoppBB     Steei«,     corrosion,     atmo- 
spheric, 287P. 

COBBS : 

drying  ovens,  90^4. 

properties   at   high   temperatores, 

COBBOSION  : 

aircraft  metals,  34A. 

alloy  steels  in  acids,  117^. 

atmospheric,  iron  and  steel,  287 
Paper. 

chromium-nickel  steel,  34^. 

control  by  threshold  treatment, 
192^. 

effect  on  steel,  fatigue,  35^. 

galvanic,  cast  iron,  effect  of  com- 
position and  macrostructure, 
231il. 

galvanic,  controlling  factors,  231^1. 

galvanised  sheets,  34 J.. 

iron  by  water,  33^. 

metckls  in  coking  plants,  117^1. 

metals  in  ethyl  alcohol,  231^4. 

metals  by  flue  gases,  116X. 

metals  in  railway  tunnel,  232^1. 

metals  in  sea- water,  35^4. 

nickel  coatings,  effect  of  polishing, 
195^. 

pipes,  36^. 

ships,  34^. 

steel  in  sulphuric  acid,  193^. 

tinplate,  77 A, 
Corrosion  Cracking,  metals,  77^4. 
Corrosion-Fatioue,    metallic    coat- 
ings, 234A. 
Corrosion  Tests  : 

electrodeposited  coatings,  194^. 

iron  and  steel,  193^. 

sheet  metals,  230^. 
CoRROsrviTY,  water,  232X.,  233^. 
Council,  Report,  2 IP. 
Craokinq  : 

corrosion,  metals,  77^. 

intercrystalline,    boiler    plates,    93 
Paper. 
Cracks  : 

in  boiler  steel,  131^. 

cooling,  in  steel,  183^. 

formation  in  welding  of  high- 
tensile  steel,  167^.,  168^. 

liair-line,  formation  in  steel,  165^4. 


Cracks  (contd.) — 

shatter,  in  steel,  effect  of  hydrogen, 

26A. 
shatter,  in'steel,  effect  of  hydrogen, 
bibliography,  25 A. 
Cramxs,  magnet,  8^4. 
Cranxshabt      Journals,      toraion- 

fiatigue  tests,  94i4. 
Crankshafts  : 

automobile,  manufacture,  47^. 
forging,  94A. 
machining,  61^. 
Creep : 

chromium  -  molybdenum  •  nickel 

steel,  66 A. 
chromium  •  molybdenum  -  silicon 

steel,  66^. 
chromium-  molybdenum  -  vanadium 

steel,  66^. 
molybdenum  steel,  66^.,  184^. 
steel,  effect  of  deoxidation,  222A. 
Cbebp-Rbsistant    Steel,    welding, 

169^4. 
Crystallisation  : 
alloys,  73^. 
prinmry,  steel,  229^. 
Cxn>OLA  Practice,  122^4. 
Cupolas  : 

drying  of  blast,  Kathabar  system, 

6A. 
sulphur  elimination,  6A. 
Cxtrran-EInowlbs      Carbonisation 

Process,  88i4. 
Cutting  : 

chip  formation,  61^. 

flame,  steel,  18^4. 

flame,  wrought  iron,  129^. 

metals,  use  of  single-point   tools, 

6M. 
steel,  use  of  oxy-propane,  129^4. 
Cutting  Efficiency,  high-speed  steel 

effect  of  tempering,  98^> 
CuTTiNO  Flame,   use  for  preparing 
metallographic  specimens,  30  A . 
Cutting  Tests  : 

high-speed  steel,  129^.,  130^. 
steel,  217^4. 
Cutting    Tools,    use    of   titanium- 

timgsten  carbide,  130^4. 
Cyanide  Hardening,  162^4.,  215^. 
Cylindeb     Linbbs,      wear-resistant 

coating,  132^4. 
Cylinders  : 

aircraft  engine,  plating  and  paint- 
ing, 180i4. 
engine,  forging,  94 A.    ' 


Dairy      Equipment,      metals     for, 
185i4. 
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Damping  Capacity  : 

alclad,  64^. 

cast  iron,  effect  of  copper,  63^. 

chromium-nickel  steel,  64^. 

duralumin,  64^. 

steel,  effect  of  magnetic  fields,  26.4. 
Dbfbois  : 

detection      in      metals,      Knerr's 
method,  187^. 

detection  in  tubes,  113^. 

detection  by  ultrasonics,  113^. 

in  iron  cctstings,  lA. 

occurrence  during  heat  treatment, 
99^. 

in  welds,  170^. 
Definition,  cast  iron,  68^4. 
DKroBicATiON,  elastic,  roUs,  50^4. 
Dbobeasino.  metals,  19^,  173^. 
Db  Lattbb  Picklino  Pbocess,  20^4. 
Deoxidation  : 

effect  on  steel,  creep,  222 A. 

effect  on  steel,  hardenability,  65^ . 
Dephosphobisation,  acid  Bessemer 

steel,  152^. 
Deseaminq,  billets,  19i4. 
Desttlpuubisation  : 

cast  iron,  148^. 

iron  with  soda  ash,  120^.,  147^. 
Dewey   Method    of  tube   forming, 
169^. 

DiAMANTINE,  264P. 

Dis-Castino8  : 

electrodeposition  of  copper,  11 5A. 
electrodeposition  of  nickel,  175^. 
Die  Steel,  properties,  226^. 
Dies  : 

forging,  design,  158^. 

stamping,  design  and  construction, 

10^. 
wire-drawing,  95^.,  124^. 
Diesel  Engine  Silenceb,  moulding, 

161^. 
Diffusion  : 

nickel  in  gamma  iron,  190^. 
in  solids,  mechanism,  54^4. 
Dimensional  Changes  during  hard- 
ening of  tool  steel,  57^4 . 
Dortmund  -  Hoerdeb  HttTTBN- 

verein,  plate  mills,  21 M. 
Drill  Steel,  failure,  220^. 
Drop  Forgings,  trimming,  158^. 
Drying,    blast,    ELathabar    S3r8tem, 

6  A. 
Drying   Ovens,   for  foundry  cores, 

904. 
Ductility,  steel,  relation  to  harden- 
ability, 264. 
Duralumin,  fatigue,  644. 
Dzerzhlnskiy  Works,   basic   opon- 
hearth  practice,  1544. 


Elastic  Defobmatiok,  rolls*  504. 
Elasticity  Modxtlus,  alloys,  234. 
Elbgtbio  Cubbents  : 

use  for  hardening,  Tocco  process, 

134.,  964.,  1254. 
*use  in  heat  treatment,  544.,  554. 
Elbotbic  Fubnace  Pbaotiob,  2074. 
basic,  to  reduce  flakes  in  steely  924. 
Electbio  Fubnaces,  924. 
arc,  design,  2074. 
arc,  refiractory  materials,  864. 
coreless-induction,  oxidation  losses, 

1234. 
development  in  Germany,  2084. 
high-frequency,   refiractory  materia 

als,  24. 
manufacture        of        alnminium- 
chromium-molybdenum   steel, 
1554. 
manufacture     of    malleable     cast 

iron,  64. 
manufacture  of  pig  iron,  54. 
melting  of  chromium-steel   scrap, 

1554. 
transformers,  1234. 
Electbic  Smelting  Fxtbnaces,   re- 
fractory materials,  1994. 
Electbical  Cleaning,  gas,  44. 
Electbical  CoNDUonviTY,  cast  iron, 

effect  of  copper,  634. 
Electbode    Potentials,    measure- 
ment   in    soil-corrosion    ceUs, 
1384. 
EiiECTBODEPOsmsD  CoATiNGS,  corro- 

sion  tests,*  1944. 
Elegtbodeposition  : 
chromium,  1764. 
chromium,  disposal  of  waste  liquors, 

1774. 
copper  on  die  castings,  1754. 
nickel,     effect     of    polishing     on 

Duality  of  coating,  1774. 
on  cast  iron,  1754. 

nickel  on  die-castings,  1754. 

nickel-chromium  on  tinplate,  1754. 

tin,  1804. 

zinc,  224. 
Electbodes  : 

welding,  for  cast  iron,  1694. 

welding,  change  of  shape,  1274. 
Electrogalvanising  : 

wire,  224. 

wire,  Meaker  process,  1784. 

wire,  Tainton  process,  1784. 
Electrolytic  PIckling.  wire,  214. 
Electrolytic  Polishing  : 

metals,  1364.,  186  4. 

stainless  stoel,  204.,  2294. 
Electro-Magnetic  Current,  use  in 
spot  welding,  2164. 
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Electbon     Diffraction     Studiss, 

30  A, 
Electron   Tube   Control,    rolling- 
mill  operatioQS,  11^. 
Electroplatino,  automatic,  175^. 
Elongation,  metals,  219^1. 
Embrtttlement,     caustic,     boilers, 

93P.,  138^.,  234^. 
Enamel  Coatings,  thickness  deter- 
mination, 22^. 
Enamelling  Iron,  properties,  18M. 
Enamels,  opacifiers,  IBM. 
End -Quench  Tests,  22  M. 
EnduIlance  Limit,  cast  iron,  effect 

of  copper,  63^. 
Engine  Cylinders  : 

aircraft,  plating  and  painting,  180^ 
forging,  94^. 
Etching,      chromium-nickel      steel, 

lllA. 
Ethyl  Alcohol,  corrosion  of  metals, 

231^. 
Ethylene,      effect      on      refractory 

materials,  1^. 
Europe,    manufacture   of  pig   iron, 

1204.,  1474. 
Expansion  Coefficient  : 
carbon  steel,  1084. 
chromium-nickel  steel,  1084. 
high-speed  steel,  1084. 
manganese  steel,  1084. 
nickel  steel,  1084. 


Failure  : 

drill  steel,  2204. 

nietala,  relation  to  properties,  254. 
Fatigue  : 

alclad,  644. 

chromium-nickel  steel,  644. 

cold-drawn  wire,  1044. 

corrosion-,  metallic  coatings,  2344. 

duralumin,  644. 

galvanised  wire,  2204. 

metals,  bibliography,  264. 

springs,    effect    of    shot    blasting, 
1324. 

steel,  recovery  from,  by  annealing, 
1054. 
Fatigue  Strength  : 

chafing-,  634. 

effect  of  screw  threads,  1044. 

effect  of  type  of  stress,  264. 

metals,  effect  of  stress  raisers,  634. 

steel,   effect   of  surface   condition, 
624. 

steel  at  low  temperatures,  1834. 
Fatigue  Tests  : 

torsion,  crankshaft  journals,  944. 

welded  boiler  plate,  1314. 


Fbbbo  Alloys  : 
analysis,  2354. 
nu^ufcMJtuie,  2024. 
FsBBOMAONfeno  Materi^ijs,  magnet- 
isation  temperature   changes, 
1334. 
FERRO-SnJooN,  manufacture  in  blast- 
furnace, 444. 
Fire  Arms,  heat  treatment,  164. 
Fish-Eyb  Fractures  in  weld  metal, 

254. 
Flakes  : 

in  steel,  924.,  1654.,  1834. 
in  steel,  effect  of -hydrogen,  254. 
in  steel,  effect  of  hydrogen,  biblio- 
graphy, 254. 
Flame  Temperatures,  884. 
Flotation,  iron  ore,  394. 
Flue  Dust.    See  Blast-f'umace  Flue 

Dust. 
Flue  Gasbs  : 

corrosion  of  metals,  1164. 

firom      heat-treatment      fumaoes, 

144. 

FOLLANSBEE   StEEL   CORPORATION, 

sheet  mills,  2114. 
Ford  Motor  Co.  : 

casting  of  crankshafts,  474. 
centrifugal  casting  of  gear  blanks, 

484. 
induction  heating  methods,  544. 
FoROB    Shops,    production    control, 

944. 
Forging  : 

cmoiour  plate,  944. 

crankshafts,  944. 

engine  cylinders,  944. 

rauway  equipment,  2104. 

sheUs,  944.,  1584.,  2094. 

sheUs,       Steweuii-Lloyd       process, 

2104. 
stainless  steel,  2104. 
valves,  94. 
Forging  Dmd,  design,  1584. 
Forging    Machine;    Baldwin-Omes, 
944. 

FORGINGS  : 

cooling  cracks,  1834. 
drop,  trimming,  1584. 
flake  formation,  1834. 
inspection,  2104. 
macrostructiu^,  1144. 
Foundry  Plant  : 

Ford  Motor  Co.,  474.,  484. 
Youngstown  Alloy  Casting  Corp., 
464. 
Foundry  Practice,  64.,  454.,  904., 

1214.,  1484.,  2034. 
Foundrymen,      co-operation      with 
metallurgists,  1214. 
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Fraotubes,  fish-eye,  in  weld  metal, 

25  A, 
Fbequbncy  Curves,  use,  209-4. 
Fbetz-Moon  Process  of  tube  manu- 
facture, 212^. 
Friction  : 

internal,  in  carbon  steel,  1044. 
surface,  metals,  107^. 
Fuel,    pulverised.    See    Coal,    pul- 
verised. 
Furnaces  : 

blast-.     See  Blast-Fumacee. 
electric.     See  Electric  Furnaces, 
gas-fired,  5A. 

eas-fired,  safety  precautions,  3^1. 
heat-treatment.     See  Heat  Treat- 
ment    Furnaces,     Annealing 
Furnaces,  &c. 
oil-fired,  safety  precautions,  3A, 
open-hearth.      See      Open-Hearth 

Furnaces, 
reheating.     See     Reheating     Fur- 
naces and  Soaking  Pits. 


Galvanised    Coatings,    properties, 

22^. 
Galvanised  Sheets  : 
corrosion,  34A. 
spangle  formation,  21^. 
Galvanised  Wire,  fatigue,  220^. 
Galvanising,  21  A, 
electro-,  wire,  22^. 
electro-,     wire,     Meaker    process, 

178^. 
electro-,     wire,    Tainton    process, 

178^. 
pipes,  178X. 
GAMiiA    Iron,    diffusion    of   nickel, 

190^. 
Gas: 

blast-furnace.      See  Blast-fiimace 

Gas. 
coal,  effect  on  refractory  materials, 

lA. 
coke-oven.     See  Coke-Oven  Gas. 
determination  of  sulphur,  239^. 
fiue,  corrosion  of  metals,  116^. 
fiue,  from  heat  treatment  furnaces, 

144. 
hydrocarbon,  ejffect  on  refractory 

inaterieils,  1^. 
mixed,  burning,  safety  precautions, 

3  A, 
town,  use  as  industrial  fuel,  44. 
Gas -Air  Mixtures,  effect  on  speed  of 

combustion,  145^1. 
Gas  Lines,  purging,  3A. 
Gas   Mains,    use   of  asphalt-mastic 
coatings,  23^. 


Gas-Mixing    Plant,    Great    Lakes 

Steel  Corporation,  89^. 
Gas  Regulators,  operation,  3^4. 
Gas-Steel  Reactions  in  heat-treat- 
ment, 97^. 
Gases  : 

evolved  from  iron  castings,  91^. 
separation,      fractional      vacuum 

fusion  method,  312  Paper, 
solubility  in  steel,  122^. 
Gates,  for  castings,  lA, 
Gauges,  origin,  159^4. 
Gear  Blanks  : 

centrifugal  casting,  48^. 
moulding,  90^. 
Gear  Teeth,  wear,  107^4. 
Gears,  heat  treatment,  13^. 
General     Electric     Co.,     electro- 
plating practice,  175^. 
Germany : 

aircraft  steels,  227^4. 
electric-furnace  developments, 

208i4. 
iron  industry,  44^4 . 
Glass,  manufacture,  use  of  cast-iron 

moulds,  28^. 
Goss  Method  of  continuous  casting, 

2044. 
Gouging,  flame,  metals,  19^4. 
Grain  Size  : 

effect  of  heating  rate,  73^4. 

effect  in  iron-carbon  alloys,  cooling 

rate,  31 A „  73 A, 
effect  in  steel,  hardenability,  66^4. 
effect   in   steel,    isothermal   trans- 
formation, 191  A. 
in  high-speed  steel,  72^. 
in  ingots,  effect  of  turbulence,  6  IP. 
relation  to  carbide  stability,  abnor- 
nmlity  and  hardenability,  74i4. 
in  steely  114X. 

in  steel,  determination,  187^. 
Granite  City  Steel  Co.,  plant,  8i4.  , 
Graph-Mo,  use  for  dies,  169^. 
Graph-Sil,  use  for  dies,  169X. 
Graph -Tung,  use  for  dies,  159A. 
Graphite  Flakes  : 
in  C€Mt  iron,  195  Paper, 
in  cast  iron,  structure,  199P. 
Graphitic  Steel,  properties,  135 A. 
Graphitisation  : 

cast    iron,    effect    of    manganese, 

149^. 
malleable  cast  iron,  270P. 
steel,  effect  of  elements,  32^. 
Graphitising   Alloy,   use  for  eon- 
verting   white    iron    to   grey, 
6  A. 
Great  Lakes  Steel  Corporation, 
gas  distribution  plant,  89^4. 
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Guest,     Kben    akd     Nbttlefou), 

Ltd.,  forging  of  valves,  9^1. 
Gun  Babbels,  machining,  218^. 


Haib-Line    Cbagks,     formation    in 

steel,  ladil. 
Habd-Facino,  metals,  173^1. 
Habd  Spots  in  iron  aUoys,  10 A. 

HABDENABILITy  : 

relation  to  carbide  stability,  gprain 

size  and  abnormality,  7 4 A. 
steel,  105^. 

steel,  efifect  of  deoxidation,  65^. 
steel,  effect  of  grain  size,  66^. 
steel,  relation  to  ductility,  26X. 

HABDENABILITY  TbSTS  : 

steel  127il.,  221il. 
tool  steel,  65 A, 
various  shapes,  6SA, 
Habdenino  : 
age-,  strip,  66^. 
cyanide-,  162^.,  215^. 
flame.,  12^.,  125^1. 
flame-,  Shorter  process,  13^1.,  125^., 

216^. 
precipitation^,       iron«molybdenum 

alloys,  106^. 
precipitation-,  iron-tungsten  alloys, 

106^. 
small  paits,  126^. 
tool  steel,  16^. 
tool    steel,    dimensional    changes, 

51  A, 
use  of  electric  currents,  55.4. 
use    of    electric    currents,    Tocco 

process,  13^.,  96^.,  125^. 
use  of  salt  baths,  96^. 
Habdness  : 

Rockwelf,    cylindrical    specimens, 

220^. 
strain-,  manganese  steel,  106^. 
Habdness      Convebsion      Tables, 

105^. 
Habdness  Testing  Machine,  pendu- 
lum, 64^. 
Habdness  Tests  : 

Brinell,  use  of  microscope,  221-4. 
Rockwell.  220^. 
thin  sheets,  65^. 
Heat  : 

distribution    between    ingot    and 

mould,  163  Paper, 
latent,  pure  iron,  192P. 
s{x;ciflc,  carbon  steel,  108^. 
specific,     chromium-nickel     stool, 

108^. 
speciiic,  high-speed  steel,  108^4 . 
speciflc,  manganese  steel,  108^. 
specific,  nick^  steel,  108k. 


Hbat  Content,  pure  iron,  192P. 
Heat-Resistant  Cast  Lson,  proper- 
ties, 223il. 
Hbat-Rb^btant  Steel»  properties, 

134^.,  IS5A. 
Heat-Tintino,  cast  iron,  258P. 
Heat  of  Tbansi^bmation  : 

carbon  steel,  108^1. 

chromium-nickel  eteol,  108.4. 

high-speed  steel,  108^1. 

manganese  steel,  108^. 

nickel  steel,  lOSA, 
Heat  Tkbathent,  12^.,  52^1.,  96^4., 
125X.,  161^.,  213^. 

alloy  steel,  165^. 

axles,  99^. 

effect    on    chromium-nickel    steel, 
magnetic  permeability,  27k. 

fire  arms,  16^4. 

gas-steel  reactions,  97^4. 

gears,  13^. 

high-speed  steel,  13^. 

high-speed  steel,  carbon  absorption, 
97i4. 

manganese-steel  castings,  90^4. 

Meehanite,  distortion,  58X. 

occurrence  of  defects,  99^. 

shafts,  99^. 

strip,  126i4. 

tool  steel,  164^4. 

tractor  parts,  14^. 

use  of  electric  currents,  54^.,  55^4. 

use  of  magnetic  currents,  120^4. 

wire,  126i4. 
Hbat-Tbeatment  Fubnaoes,   15A., 
126A.,  213A, 

atmospheres,     water-vapour    con- 
tent, 56i4. 

batch  type,  14^. 

controlled  atmospheres,  14A.,  56X., 
57^.,  97^.,  1634.,  1644. 

electric,  1264.,  1644.,  2144. 

flue  gcuses,  144. 

use  of  pulverised  coal,  414. 
Hicklinq  Method  for  measurement 
of  electrode  potentials,  1384. 
Hioh-Fbequency    Fubnaoes.     See 

Electric  Furnaces. 
Hioh-Speed  StebIi  : 

coefficient  of  expansion,  1084. 

cutting  tests,  1294.,  1304. 

development  in  Russia,  1344. 

firacture,     '*  naphthalene '*     type, 
1884. 

grain-size,  724. 

heat  of  transformation,  1084. 

heat  treatment,  134. 

lieat  treatment,  carbon  absorption, 
974. 

low-aUoy,  properties,  1344.,  2264. 


SUBJECT  INDEX. 


13 


High-Speed  Steel  (corUd.) — 
specifio  heat,  108^1. 
tempering*  effect  on  cutting  effi- 
ciency, 9SA. 
thermal  conductivity,  108^. 
transformations,  115^. 

HiSTOBY  : 

iron  industry  of  Powys  Land,  80^. 
iron  manufactrue,  90^1. 
ironfounding  in  England,  6 A. 
Hydrocabbon  Gases,  effect  on  ro- 

firactory  materials,  lA. 
Hydbooen  : 

absorption  by  steel  during  pickling, 

176il. 
determination  in  coal,  79^. 
determination   in   iron   and   steel, 

141il. 
determination,       vacuum      fusion 

method,  298  Paper, 
determination,     vacuum     heating 

method,  320P. 
effect  in  malleable  cast  iron,  45^. 
effect  in  steel,  formation  of  flakes 

and  shatter  cracks,  25A, 
effect  in  steel,- formation  of  flakes 
and    shatter    cracks,     bibho- 
graphy,  26-4. 
effect  in  welds,  170^1. 
Hydbooen-Ion  Concentbation,  do- 
termination,  176X. 
Hypebcabb  Pbogess,  162^. 
Hyfebeutectoid  Steel,  tempering, 
effect  of  elements,  58^1. 


Inclusions  : 

determination   in   iron   and    steel, 

1414. 
determination  in  pig  iron,  aqueous 

iodine  method,  358  Paper. 
determination    in    steel,    alcoholic 

iodine    methods,    344    Paper, 

352  Paper. 
determination    in    steel,    chlorine 

method,  332  Paper,  339  Paper, 
**  dirt  charts,"  1134. 
identification,  1134. 
in  cast  iron,  effect  of  aluminium, 

249P. 
in  cast  iron,   effect  on  structure, 

203P. 
in  cast  iron,   effect  of  zirconium, 

240P. 
in   cast   iron    and    pig   iron,    207 

Paper, 
ill  c^st  iron  and  pig  iron,  classifica* 

tion,  209P. 
slag,  in  steel,  924. 
in  welds,  1024.,  2174. 


India: 

iron  ore  deposits,  1974. 
manufacture  of  sponge  iron,  444. 
Indian  Coal,  coking  properties,  424. 
Inoot  Ibon,  brittle  range,  1084. 
Ingot  Moxtlds  : 

gas  removal   by  partial  vacuum, 

1584. 
thermal  relations  between  ingots 
and,  163  Paper, 
Inoots  : 

nxial  heterogeneity,  1574. 

large,  casting  at  Kuznetakiy  Works, 

1564. 
sohdification  rates,  193P. 
structure  and  properties,  effect  of 

turbulence,  49  Paper, 
thermal  relations  between  moulds 
and,  163  Paper, 
Intebcbystalline  Cbaokino,  boiler 

plates,  93  Report, 
Ibon  *. 

cold-rolled,  crystal  structure,  304. 
desulphurisation    with    soda    ash, 

1204.,  1474. 
enamelling,  properties,  1814. 
gamma,  diffusion  of  nickel,  1904. 
passivity,    effect   of  gas  pressure, 

2334. 
production,  54.,  424.,  894.,  1204., 

1464.,  2004. 
production,  history,  904. 
pure,  heat  content,  192P. 
pure,  latent  heat,  192P. 
pure,  solubility  of  oxysen,  31  LP. 
reaction  with  water,  334. 
reorystsllised,  sub-boundary  struc- 
tures, 1364. 
Ibon  Alloys  : 

hard  spots,  704. 
*  segregation,  inverse,  704. 
iBON-ALUMiNtuM  Alloys,  properties, 

1864. 
Ibon-Alxjminium-Cobalt      System, 
1924. 

iBON-ALXTMINinM-TlTANIUM    SYSTEM, 

2304. 
Ibon-Cabbon  Alloys,  effect  of  grain- 
size,  cooling  rate,  314.,  734. 
Ibon-Chbomium-Cobalt        Alloys, 

acid  resistance,  1174. 
Ibon-Chbomium-Coppxb        Alloys, 

acid  resistance,  1174. 
Ibon-Cubomixtm-Manoanese  Alloys, 

acid  resistance,  1174. 
I  bon-Cob ALT  System,  1164. 
Ibon  Industbies  : 
American,  2064. 
Brazil,  454. 
Qermany,  444. 
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Ibon-Molybdenum  Alloys,  precipi- 
tation-hardening, 106^. 
Ibon-Nickel  Alloys  : 

magnetisation,  temperature 

changes,  133^. 
neutron  study  of  order,  138^. 
properties,  11  A. 
Ibon  Obe  : 

concentration,      sink  -  and  -  float 

method,  118^. 
flotation,  39 A. 
Lake  Erie  price,  39^. 
lean,  beneficiation,  197^1. 
^Russian,  preparation,  191  A, 
silica  remcAral,  197^. 
sintered,     use     in     blast-furnaces, 

120X. 
sintering,  118^. 
Swedish,  reducibiUty,  147^. 
titaniferous,  smelting,  89^. 
valuation,  39^. 
Ibon  Orb  Deposits  : 
Canada,  38^. 
India,  197-4. 
Sierra  Leone,  38^. 
Iron- Phosphobus  Alloys,  properties, 

223  A. 
Iron  Powder  : 

absorption  of  nitrogen,  109X. 
memufacture     in     United    States, 
44  A, 
Iron  Sand,  manufacture  of  vanadium 

steel,  123^. 
Iron- Silicon-Carbon  System,  pearl- 

ite  transformation,  190^. 
Iron-Silicon  System,  138^. 
Iron  Sulphide  in  cast  iron,  21  OP. 
Iron-Tungsten    Alloys,    precipita- 
tion-hardening, 106^. 
Ironfoundino,  history,  in  England, 

5A, 
Ironstone,  preparation,  118X. 


Jones  and  Lauohlin  Steel  Corp., 
use  of  statistical  analysis,  8^. 


Kathabar  System  of  drying  blast, 

QA. 
Killed  Steel,  properties,  136,4. 
Kirov  Works,  wire-rod  mills,  51  A. 
Kjedahl  Method  for  determination 

of  nitrogen,  140.4. 
Knerr    Method    for    detection    of 

defects,  187^. 
KuNOL.  Tekniska  Hooskola,  testing 

laboratory,  24tA. 
Kuznetskiy  Works,  casting  of  large 

ingots,  1564. 


Laboratory,  Kungl.  Tekniska  Hog- 

skola,  24A. 
Lacquer  Coatings,  use  for  measure- 
ment of  stress,  25 A. 
Ladle  Additions,  effect  on  cast  iron, 

110^. 
Lake  Erie  Price  for  iron  ore,  39^. 
Lauth  Mills,  roll  diameter,  51  A. 
Lignite  Deposits  : 
Siberia,  384. 
Unitegl  States,  1974. 
Lime,  use  in  wire-drawing,  1244. 
Lime /Magnesia /Ferrous   -   Oxide/ 

Silica  System,  2064. 
Lincolnshire   Iron   Ore,    prepara- 
tion, 1184. 
Loess  Coal-Cleaning  Process,  34. 
LoFTUS  Checkerwork  for  regenera- 
tors, 2054. 
Loop,  production  of  steel  from,  1234. 
Lubricants  :  • 

manufacture      and      composition, 

2114. 
wire-drawing,  1244. 
Lubrication  : 
boundary,  1074.  • 
thin-fihn,  1074. 
Luncheon,  report,  IP. 
Lysaght's  Newcastle  Works  Pro- 
prietary,  Ltd.,   sheet  mills, 
•      21 IX.. 


Machinability,  cast  iron,  2174. 

Machine  Parts,  flfiune-hardening, 
1254. 

Machine  Shops,  disposal  of  swarf, 
130  A. 

Machining  : 

chip  formation,  614. 

crankshafts,  614. 

gun  barrels,  2184. 

metals,  use  of  single-point  tools,  614. 

Magnesium,  corrosion  in  ethyl 
alcohol,  2314. 

Magnetic  Currents,  use  in  heat 
treatment,  1264.. 

Magnetic  Fields,  effect  on  steel, 
damping  capsLcity,  26 A. 

Magnetic  Hysteresis,  steel,  133 A. 

Magnetic  Permeability,  chromium- 
nickel  steel,  effect  of  heat 
treatment  and  cold- work,  274.. 

Magnetic  Separation,  scrap,  484. 

Magnetic  Test  for  studying  meurten- 
'       site  transformation  in  welds, 
1684. 

Magnetisation,  ferromagnetic  ma- 
terials, temperatiire  changes, 
1334. 
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Maokitooorsi:        Wobks,       break- 
through      of       blast-furnace 
hearth,  146^. 
Maintenance  Shops  for  steel  plants, 

208^. 
Malleable  Cast  Ibon  : 
annealing  furnaces,  46^1. 
blackheart,  manufacture,  203X. 
effect  of  hydrogen,  46-4. 
^[raphitisation,  2  TOP. 
uiverse  chill,  149^4. 
manufacture  in  electric  furnace,  6 A. 
temper  carbon,  structure,  203P. 
Manfred-Weiss  Machine  for  reduc- 
ing shell  blanks,  210^4. 
Manganese  : 

determination  in  chromium-nickel 

steel,  78^. 
determination,  persulphate  method, 

235^. 
effect  in  cast  iron,  90^. 
effect  in  cast  iron,  graphitisation, 

1494. 
effect    in    chromium-molybdenum 

steel,  2SA, 
effect  in  steel  castings,  122^4. 
effect  in  steel,  martensite  point  and 
amount  of  retained  austenite, 
14A, 
effect  in  steel,  tempering,  58^. 
Manoanesb   Ore,  mining  and  con- 
centration, 198^. 
Manganese  Steel  : 

coefficient  of  expansion,  108X. 
heat  of  transformation,  108^. 
properties,  28^.,  2274. 
«  specific  heat,  1084. 
strain-hardness,  106X. 
thermcd  conductivity,  108^. 
Manganese  Steel  Castings,  pearli- 

tic,  heat  treatment,  90^. 
Manganese  Sulphide,  in  cast  iron, 

210P. 
Marking,  hot  strip,  954. 
Marrel  Works,  plate  mills,  21 M. 
Marshall  I^ichards  Wire-Drawing 

Machine,  21  OX. 
Martensite  : 

formation  on  rope  wire,  401  Paper. 
transformation  in  welds,  magnetic 
test,  leSA. 
Martensite  Point,  in  steel,  effect  of 

elements,  14  A. 
Meaker  Electrogalyanising  Pro- 
cess, 178X. 
Meehanite,  heat  treajnment,   distor- 
tion, 584. 
Members,  election,  13P. 
Mesabi    Ore,    concentration,    sink- 
and-float  method,  1184. 

1941— i 


Metalastik  Process,  182^4. 
Metallographio  Spbcimeks  : 
mounting,  69 A, 
preparation,  use  of  cutting  flame, 

ZOA.  

Metallography  and  Constitution, 
30A..     69^..     112^..     135^., 
186i4.,   227A, 
Metallurgical    Observers,    work 

of,  49X. 
Metallurgists,    co-operation    with 

foundrymen,  12 IX. 
Metallurgy,  development  of  scienti- 
fic methods,  136X. 
Meteorites,  IS9A. 
MiCROMACHiNE,  Chevenard,  24 A, 
Microradiography,  10  A. 
Microscopes  : 

use  in  Brinell  tests,  22  M. 
viewing  tube  and  holder,  22SA, 
Microscopical    Examination,    use 
of  polarised  light  and  colour 
photography,  221  A. 
Mineral  Resourcbs,  38X.,  191  A, 

Scotland,  38X. 
Mining,  manganese  ore,  198^4. 
Missouri  Pacific  Railroad,  forging 

plant,  210A. 
Mixers,  201  A, 

Modulus,  elasticity,  alloys,  23 A, 
Molybdenum  : 

effect    in    chromium-nickel    steel, 

112A. 
effect  in  steel,  11 IX. 
effect    in    steel,    austenite    trans- 
formation, 76X. 
effect    in   steel,    martensite   point 
and  amount  of  retained  aus- 
tenite, 74X. 
Molybdenum  Cast  Iron  : 

austenite  transformation,  115X. 
properties,  186X. 
Molybdenum  Steel  : 
creep  66X.,  184X. 
properties,  28X.,  186X. 
welding,  169X. 
Molybdenum  Steel  Pipes,  welding, 

16X.,  17X.,  166X. 
Mortars.     See  Refractory  Materials. 
Moulding  : 

Diesel  engine  silencer,  151X. 
gear  blanks,  90X. 
pipes,  203X. 

Randupson  process,  203X. 
valve  tappets,  47X. 
Moulding  Sand  : 
cooling,  6X. 

effect  on  iron  castings,  68X. 
permeabihty,  151X. 
for  steel  castings,  203X. 
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Mox7iJ>iNo  Sand  {carUd.) — 
synthetic,  propOTties,  150^. 
tests,  20ZA. 

MoxTiiDS,    effect    on    iron    castings, 
shrinkage,  151^. 


cc 


Naphthalene  Fraotubb  **  in  steel, 

188^. 
Nationai.  Steel. Cab  Cobforation, 

forging  of  shells,  200^1. 
Nickel: 

determination  in  chromium-nickel 

steel,  ISA. 
determination  in   iron   and  steel, 

236A. 
diffusion  in  gamma  iron,  190il. 
effect  in  steel,  111^. 
effect   in   steel,    martensite   point 

and  amount  of  retained  austen- 

ite,  UA. 
dfiect  in  steel,  tempering,  5SA, 
electrodeposition     on     cast     iron, 

176i. 
electrodeposition    on    die-castings, 

176/. 
electrodeposition,  effect  of  polishing 

on  quality  of  coating,  177^. 
magnetisation,  temperature 

changes,     133^. 

NiCElEL  COATINOS  : 

adhesion,  177^. 

corrosion,  effect  of  polishing,  195^1. 
Nickel  Steel  : 

co^Bcient  of  expansion,  108^1. 
corrosion,  atmospheric,  287P. 
diffusion  of  nickel  in  gamma  iron, 

190^. 
equivalent   British   and   American 

t3rpes,  111^. 
heat  of  transformation,  108i4. 
properties,  28.4. 
properties    at    low    temperatures, 

109-4. 
specific  heat,  108^4. 
thermal  conductivity,  108^. 
NrrarDiNO : 

localised,  use  of  tinning,  1624. 
steunlesB  steel,  56 A. 
steel,  13^. 
Nitrooen  : 

absorption     by     powdered     iron, 

109-4. 
determination  in  alloy  steel,  140.4. 
determination   in    iron   and   steel, 

140^. 
determination   in   iron   and   steel, 

bibliography,  14141. 
determination,       vacuum       fusion 

method,  298  P<»per, 


Nftbooen  {conid,) — 
effect    in    chromium-nickel    steel, 

case-hardness,  61  A. 
effect    in    chromium    steel,    case- 
hardness,  674. 
Nittelite,  1244. 

*'  NOBMAL  CUBVBS,"  USO,  209il. 

NoBTHAMFTONBHiBB  Ibon  Obe,  pre- 
paration, 118^1. 

Nut  Faotoby,  conveyor  systems, 
95^. 


Oil,  recovery  from  coke-oven  gas,  4A. 
Ontabio,  iron  ore  deposits,  38.4. 
Open-Heabth  Fubnacbs  : 

basic,  manufcM^ture  of  high-grade 

steel,  1544.* 
bcksic,    use    of    chrome-magnesite 

bricks,  86^1. 
bottoms,  use  of  dolomite  aggregate, 

2064. 
checker     bricks,     effect     of    zinc 

oxide,  198^. 
magnesite  bottoms,  14441. 
regenerators,  design,  205.4. 
regenerators,  Loftus  checkerwork, 

205A. 
scunpling  spoon,  91.4. 
slag  pockets,  122.4. 
Open-Heabth  Pbacticb,  122^4. 
acid,  1534. 

American,  8.4.,  20541.,  2064. 
baaic,  2064. 

basic,  Dzerzhinskiy  Works,  1544. 
Open-Heabth  Pbocess,  basic,  201.4. 
Open-Heabth    Slao,    relation    be- 
tween   refractive    index    and 
iron  content,  2394. 
Open-Heabth  Steel  : 

acid,  strain-etch  markings,  133P. 
corrosion,  atmospheric,  287P. 
Obdnance,  production,  944. 
Ore-Concentbation   Plants,   puri- 
fication of  water,  1184. 
Obes,  mining  and  treatnuent,  394., 
1184.,  1974. 

OVEBHEATINO,  StOCl,  cffcct  of  OXygCU, 

2224. 
Oxidation,    steel,    effect    of   trans- 
formation, 1914. 
Oxides  : 

determination,      alcoholic      iodine 
method,  344  Petper,  352  Paper, 

determination,      aqueous      iodine 
method;  358  Paper, 

determination,     chlorine    method, 
332  Paper,  339  Paper. 

separation,       fractional      vacuum 
fusion  method,  312  Paper. 
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OXTOEN  : 

determination,      alcoholic      iodine 

method,     effect     of    carbon, 

380P. 
determination,    aluminium    reduc- 
tion method,  321  Paper,  326 

Paper,  328  Paper, 
determmation,  hyorogen  reduction 

method,  37QP. 
determination   in   iron   and   steel, 

295  Report^  139^. 
determination    in    molten    steel, 

140^. 
determination,      vacuum      fusion 

method,  298  Paper, 
effect    in   steel,    overheating    and 

abnormality,  222^4. 
in  rimming  steel,  376  Paper. 
solubiUty  m  iron,  3 IIP. 
Oxy-Pbopanb,  use  for  cutting  steel, 

129^. 


PAiNTDfa  : 

cleaning  of  steel  prior  to,  174^. 
steel,  drying  of  surface,  182/4. 
use  of  oil  priming  coat,  23^. 
Passivation,  stainless  steel,  76^. 
Passivity,  iron,  effect  of  gas  pressure, 

233^. 
Pattebns,  coatings  for,  46^. 
Peasute,    trcmstormation    in    cast 

iron,  190^. 
Pbrbin  Pbooess,  42&P. 
Petbovskit  Wobks,  rolling  of  plates, 

5M. 
Phosphatising,  sheets,  22^. 
Phosphide   Eutectio  in  cast  iron, 

267P. 
Phosphobus  : 

determination    in    titanium    steel, 

784. 
effect  in  cast  iron,  904. 
effect  in  steel,  674. 
^ect  in  steel,  tempering,  584. 
Photo-elastioity,    stress    measure- 
ment, 1034. 
Photoobaphy,  colour,  use  in  micro- 
scopical examination,  2274. 
Pickling  : 

Bullard-Dimn  process,  1744. 
De  Lattre  process,  204. 
electrolytic,  wire,  214. 
metals,  1744. 

stainless  steel,  cause  of  pitting,  774. 
steel,  hydrogen  absorption,  1754. 
uHe    of   stannous  chloride    as    in- 
hibitor, 204. 
Pickling  Tanks,  submerged  heating, 
194. 


Pio  Ibon  : 

basic,  manufacture,  2014. 

casting  machine,  54. 

charcoal,  manufacture  in  Urals, 
1464. 

composition,  relation  to  tempera- 
ture of  slag,  2024. 

determination  of  oxides,  aqueous 
iodine  method,  358  Paper. 

determination  of  oxygen,  alumin- 
ium reduction  method,  328 
Paper, 

inclusions,  classification,  209P. 

inclusions,  metallography,  207 
Paper. 

manufacture  in  electric  furnace, 
54. 

manufacture    in    Europe,     1204., 
1474. 
Pipes  : 

butt  welding,  594. 

cathodic  protection,  364. 

centrifugal  casting,  2034. 

concrete  coatings,  1824. 

corrosion,  364.  * 

galvanising,  1784. 

molybdenum  steel,  welding,  164., 
174.,  1664. 

moulding,  2034. 
Pittino,  stainless  steel  during  pick- 
ling, 774. 
Plate  Mills,  2114. 
Plates : 

boiler,  behaviour  under  repeated 
bending  stresses  in  sodium- 
hydroxide  solutions,  136P. 

boiler,  interorystalline  cracking,  93 
Report, 

boiler,  strain-etch  markings,  133P. 

boiler,  welded,  fatigue  tests,  1314. 

rolling,  514. 
PoissoN*s  Ratio,  measurement,  244. 
Polabised  Light  : 

use  in  microscopical  excunination, 
2274. 

use  for  stress  measurement,  1314. 
Polishing  : 

effect  on  nickel  coatings,  corrosion, 
1954. 

electrolytic,  metals,  1364.,  1864. 

electrolytic,  stainless  steel,  204., 
2294. 

metallographic,  cast  iron,*  195 
P(iper. 

metallographic,  holding  device  for 
specimens,  2294. 

refractory    materials,     determina- 
tion, 24.,  404. 
Potash -Silica  Glass  Vapoub,  effect 
on  refractory  materials,  394. 
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Potentials,    metals    in    sea-water, 

232A, 
Powder    Metallttboy,    limitations, 

121^. 
Powdered  Iron  : 

absorption  of  nitrogen,  109 A, 

manufacture  in  United  States,  44 A. 
PowYS  Land,  iron  industry,  89-4. 
Precipitation,  electrical,  gas,  4 A. 
Pbecipitation-Hardenino  : 

iron-molybdenum  alloys,  106 A. 

iron-tungsten  alloys,  100 A. 
Presses,  hydraulic,  economic  opera- 
tion, OA. 
Pressxtre  Vessels,  welding,  169/4. 
Primrose     Hill     Colliery,     coal 

screening  plant,  3^4. 
Protractors,  optical,  221^4. 
Pulverised   Fuel.     See  Coal,   pul- 
verised. 
Purple  Ore,  reduction,  SO  A. 
Pyrometers  : 

optical,  II A. 

reuliation,  II A,,  1604. 
Py^ometry,  114.,  160-4. 


Quenching  : 

cen^ifugal,  99^. 

effeft    on    cl^omiuin-nickel    steel, 

amount  of  retained  austenite, 

15  A. 


Radiography,  micro-,  704. 
Rails,  welded,  tests,  18^. 
Railway  Equipment,  forging,  210^. 
Randupson   Process   of  moulding, 

203.4. 
Reactions  : 

gas-steel,  in  heat  treatment,  97.4. 
iron  emd  water,  334. 
Reactivity,  coke,  effect  of  ash  con- 
stituents, 41.4. 
Refractory  Materials,  \A.,  39-4., 
85.4.,  144.4^  198.4. 
action  of  slag,  864. 
addition  of  aluminium  powder,  2-4. 
effect  of  alkalies,  87-4. 
effect  of  coal-gas,  1.4. 
effect  of  ethylene,  1-4. 
effect  of  potash-silica  glass  vapour, 

'39.4. 
effect   of  protective   atmospheres, 

40.4.,  144.4. 
effect  of  sodium  aluminate  vapour, 

40.4. 
effect  of  sodium  chloride  vapour, 

394. 
porosity,  determination,  24..,  40-4. 


Refractory  Materials  {contd.) — 
use  for  arc  furoaoeB,  86-4. 
use  for  blast-fumacee,  199^. 
use  for  electric  smelting  furnace, 

199  A. 
use   for   high-frequency    furnaces, 
2A, 
Refraotoby  Materials   (Checker 
Bricks),  effect  of  zinc  oxide, 
19841. 
Refractory  Materials  (Chrome), 

analysis,  240.4. 
Refractory    Materials    (CnRoifE 

Bricks),  properties,  199-4. 
Refractory   Materials    (Chrome- 

Dolomite),  production,  854. 
Refractory   Materials    (Chrome - 
Magnesite    Bricks),    use    in 
basic     open-hearth     furnaces, 
86.4. 
Refractory  Materials  (Dolomite 
Aggregate),    use    for    open- 
hearth  furnace  bottoms,  2064. 
Refractory  Materials  (Mort-ars), 
effect   of  water   content   and 
mixing  time,  87-4. 
Regenerators  : 
design,  205-4. 

Lofbus  chQckerw6rk,  2054. 
Reheating  Furnaces  : 
for  billets,  9.4.,  2094. 
See  also  Soaking  Pits. 
Republic  Steel  Corporation,  use 
of    sinter    in    blast-furnaces, 
1204. 
Residues,    insoluble,    analysis,    371 

Paper. 
Rimming  Steel  : 

addition  of  sodium  fluoride,  49^ . 
oxygen  content,  375  Paper, 
soUoification,  49-4. 
Risers,  for  castings,  7.4. 
Rivets,  properties,  112-4. 
Road  Construction,  use  of  blast- 
furnace slag,  147-4.  • 
Rockwell     Hardness,     cylindrical 

specimens,  220-4. 
Rockwell  Hardness  Tests,  220-4. 
RocKWRiGHT    Mill   for   cold-rolling 

tubes,  524. 
Rod  Mills,  51-4. 
Roll  P-asses,   effect  on  rolling-mill 

capacity,  95-4. 
Rolled  Sections  : 

types  used  in  Russia,  51.4. 
use  of  Bessemer  steel,  204-4. 
Rolling  : 

angles,  roll  design,  159-4. 

cold-,  tubes,  Rockwright  mill,  52-4. 

plates,  51-4. 
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RoiiLiNa  {contd,) — 

shells,  Assel  mcbchine,  210^. 

shells.  Witter  machine,  210^. 

stainless  steel  sheets,  52 A, 

steel,  structural  changes,  12 A, 

strip,  212^. 
RoLUNO-MiLL        MoTOBS,       Ward- 

Leonard  control,  124 A. 
RoLLiNO-MiLL  Parts,  welding,  128^. 
RoLLiNO-MiLL  Plant  : 

American  Rolling  Mill  Co.,  10^. 

Bethlehem  Steel  Co.,  160^. 

Continental  Steel  Corp.,  160^1. 

Dortmund-Hoerder  Hiittenverein, 
2nA. 

FoUansbee  Steel  Corp.,  21 M. 

Kirov  Works,  61^. 

Lysaght's  Newcastle   Works  Pro- 
prietary, Ltd.,  211  A, 

Marrel  Works,  21 M. 

Zaporozhstal  Works,  160^. 
RoLLiNO-MiLL  Pbaotice,  10^.,  50A,, 
95A.,  124^.,  159^.,  21 M. 

Swedish,  95 A. 
Rolling  Mills  : 

bearings,  124^. 

capacity,  effect  of  roll  passes,  95.^. 

electron  tube  control,  11^. 

Lauth,  roll  diameter,  51i4. 

motors,  standardisation,  10^4. 

plate,  211^. 

sheet,  160^,  21 M. 

sheet,  design,  212 A, 

slabbing,  10  A. 

strip,  10  A. 

strip,  design,  212A. 

strip,    slip    of   friction -roll    drives, 
212^. 

strip,  tension  control,   10^.,  95^4., 
212^. 

super-reductions.  50^4. 

tension  control,  1 24>1 . 

tube,  160^. 

wire  rod,  51  A. 
Rolling  Tests,  cold,  welds,  112 A. 
Rolls  : 

design,  for  rolling  angles,  159i4. 

diameter  in  Lauth  mills,  51^4. 

elastic  deformation,  50^4. 

internal  stresses,  62^4. 
Rubber  Coatings,   on  steel,   Meta- 

lastik  process,  182^4. 
Russia  : 

development  of  high-speed   steel, 
134^. 

manufacture  of  charcoal  pig  iron, 
146.4. 

types  of  rolled  sections  used,  51^4. 
Russian     Iron     Ore,     preparation, 
197  i4. 


Rustless  Iron  and   Steel  Corp., 
plant,  92^.,  152 A, 


Safety    Precaxttions    in    fuel    en- 
gineering, 2A, 
Salt  Baths  : 

ejector  for  removing  spent  solu- 
tions, 12^. 
use  in  brazing,  17 A. 
use  in  case-hardening,  214.4. 
use  in  hardenins,  96.4. 
Sampling  Spoon  for  open-hearth  fur- 

ncu^es,  91.4. 
Scotland,  mineral  resources,  38^4. 
Scrap  : 

chromium-steel,  melting  in  electric 

furnace,  166.4. 
magnetic  separation,  4SA, 
use  in  blast-furnaces,  147.4. 
Screening,  coal,  3^. 
Screw  Threads,   effect  on  fatigue 

strength,  104^. 
Sea-Water  : 

corrosion  of  metals,  36.4. 
potentials  of  metals,  232^. 
Segregation,  inverse,  in  iron  alloys, 

70.4. 
Seizure,    cast    iron,    under    sliding 

friction,  66.4. 
Shafts,  heat  treatment,  99.4. 
Shatter  Cracks  : 

in  steel,  effect  of  hydrogen,  26.4. 
in  steel,  effect  of  hydr^;en,  biblio- 
graphy, 26-4. 
Sheet  Mills,  160.4.,  211^4. 

design,  212.1. 
Sheets : 

aircraft,  fatigue  and  damping  cap^ 

city,  64-4. 
corrosion  tests,  230.4. 
galvanised,  corrosion,  34.4. 
galvanised,      spangle      formation, 

21.4. 
stainless  steel,  rolling,  52 A. 
thin,  hcurdness  tests,  65 A, 
Shell  Blanks  : 

Manfred- Weiss  reducing  mill,  210.4. 
South wark  piercing  machine,  2104. 
Shells  : 

forging,  94.4.,  1684.,  209.4. 
forging,     Stewart-Lloyd      process, 

210.4. 
rolling,  Assel  machine,  210.4. 
rolling.  Witter  machine,  2104. 
Ships,  corrosion,  34.4. 
Shorter     Process,     134.,     1264., 

2164. 
Shot-Blasting,    effect    on    springs, 
fatigue,  132^1. 
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Shrinxaox  : 
coke,  146^. 

iron  castings,  effect  of  mould  con- 
ditions, 151  A, 
Shbinkaoe  Stbissses,  in  arc  welding, 

60  A, 
Siberia,  coal  deposits,  38^. 
Sierra   Lxone,    iron   ore    deposits, 

38^. 
Silica,  removal  from  iron  ore,  197^1. 
SnJcoN : 

effect  in  oast  iron,  90^. 

effect    in    chromimn-molybdenum 

steel,  114^. 
effect  in  steel,  martensite  point  and 
amount  of  retained  austenite, 
74i4. 
effect  in  steel,  tempering,  58rA, 
effect  in  steel  castings,  122^4. 
Silicon     Cast     Iron,     properties, 

223^. 
Silicon-Iron    Castings,     manufac- 
ture, 122^. 
Silicon  Steel,  stress  measurement, 

103^. 
Simon-Carves  Coke-Oven,  4-4. 
Sinter,  use  in  blast-furnaces,  120^4. 
Sintering,  iron  ore,  1184. 
Slabbing  Mills,  10^. 
Slag  : 

action  on  refractory  materials,  86^. 
blast-furnace.    See    Blast-Fumace 

Slag, 
open-hearth,  relation  between  re- 
fractive index  and  iron  con- 
tent, 239^. 
Slag  Inclusions  in  steel,  92^. 
Slag /Molten  -  Iron        Equilibria, 

206^. 
Slao  Pockets  for  open-hearth  fur- 
naces, 122.4. 
Sliding      Surfaces,      temperature 

changes,  184^4. 
Soaking  Pits  : 
control,  209^. 
use  of  pulverised  coal,  4M. 
See  also  Reheating  Fumcu;es. 
Soda  Ash,  desulphurisation  of  iron, 

120^.,  147^. 
Sodium  Aluminate  Vapour,  effect 

on  refractory  materials,  40.4. 
Sodium  Chloride  Vapour,  effect  on 

refractory  matorieJs,  39.4. 
Sodium  Fluoride,  addition  to  rim- 
ming steel,  49.4. 
Sodium  Hydroxide  Solutions  : 
behaviour  of  steel  in,  at  high  tem- 
perature and  pressure,  inP. 
behaviour  of  steel  in,  under  pro- 
longed stress,  102P. 


Sodium      Hydroxide      Solxttions 
(contd,) — 
behaviour  of  steel   in,  under  re- 
peated bending  stresses,  136P. 
Sodium   Stankatb,  use  for  fcinning 

solution,  179^1. 
Soil-Corrosion  Cells,  measurement 

of  electrode  potentialB,  138^. 
SoLmmoATiON : 
ingots,  rate,  193P. 
rimming  steel,  49 A, 
steel  castings,  46 A. 
South  Africa,   blast-fumaoe  prac- 
tice, 421P. 
South   African   Iron   and   Steel 
Industrial  Corp.,  blast-fur- 
nace practice,  42  IP. 
Southwarx  Hydrauuo  Press,  210  A. 

SOXTTHWARK    PlEROINO   MaOHINB    for 

shell  blanks,  210il. 
Spangles,  formation  on  galvanised 

sheets,  21il. 
Specific  Heat  : 

carbon  steel,  lOSA, 

chromium-nickel  steel,  108^. 

high-speed  steel,  108.4. 

manganese  steel^  108.4. 

nickel  steel,  108k. 
Specifications  : 

arc  welding,  British,  217.4. 

oxy-aoetylene     welding,      British, 
102^. 

tubes,  British,  112^1. 
Spectrum  Analysis,  141.4. 

microphotometer  for,  238.4. 
Spekker  Steeloscope,  79.4.,  141.4. 
Sponge  Iron  : 

manufacture  in  India,  44.4. 

manufacture  of  steel,  123^4. 
Spraying,  metals,  22^. 
Springs  : 

fatigue,     effect    of    shot-blasting, 
132^. 

properties,  186il. 
Staatsmunen-Lobss  Coal-Clean- 
ing Process,  119.4. 
Stainless  Steel  : 

bright-annealing,  144. 

C€ise-hardening,  216.4. 

colouring,  77.4. 

corrosion  in  railway  tunnel,  232^. 

olectrol3rtio  polishing,  20^1.,  229^. 

forging,  210k. 

nitridmg,  65^1. 

passivation,  76^1. 

pickling,  cause  of  pitting,  77^. 

properties,  111^4.,  226A. 

use  for  aircraft  construction,  225^ . 

weldability,  17  A, 

welding,  128^1. 
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Staini<es8    Steel    Sheets,    rolling, 

52  A, 
Stamping  Dibs,  design  and  construc- 
tion, lOA, 
Standabdisation,    rolling-mill    mo- 
tors, lOA, 
Stannous  Ckloride,  use  ob  inhibitor 

in  pickling,  20^1. 
StatistioaIj  Analysis  : 

use  in  metallurgical  problems,  8^4. 

use  in  steelmaking,  91^.,  209il. 
Steam  Turbines,  41  A, 
Steel  : 

alloy,  analysis,  use  of  Spekker 
Steelosoope,  79^.,  141^1. 

alloy,  case-hardening,  properties, 
224^. 

alloy,  corrosion  in  acids,  117^. 

alloy,  determination  of  nitrogen, 
140^. 

alloy,  development,  134^. 

alloy,  equivalent  British  and 
American  tyx>es,  184^. 

alloy,  heat  treatment,  165^1. 

alloy,  properties,  185k. 

alloy,  properties  at  high  tempera- 
tures, 111  A. 

alloy,  weldability,  17 A. 

alloy,  welding,  167^1. 

alloy,  welding,  crack  formation, 
I67i4.,  168.4. 

allo3|(low),  properties,  28^. 

austenite  transformation,  effect  of 
constant  cooling,  76^1. 

austenite  transformation,  effect  of 
molybdenum,  76^. 

ball-bearing,  manufacture  in  basic 
open-hearth  furnace,  164^. 

behaviour  imder  prolonged  stress 
in  sodium  hydroxide  solutions, 
102P. 

behaviour  in  sodium  hydroxide 
solutions  at  high  temperature 
and  pressure,  117P. 

boiler,  crccck  formation,  131^. 

carburised,  structure,  215^. 

cementation  with  beryllium,  16M. 

cementation  with  boron,  64.4. 

cleaning  prior  to  painting,  174.^. 

£old-drawn,  residual  stresses,  130.4. 

continuous  casting,  Goss  method, 
2044. 

cooling  cracks,  183i4. 

corrosion,  atmospheric,  287P. 

corrosion  in  ethyl  alcohol,  231.4. 

corrosion  in  railway  tunnel,  232>1 . 

corrosion  in  sulphuric  acid,  193.4. 

creep,  effect  of  deoxidation,  222 A. 

creep-resistant,  welding,  169.4. 

crystfidlisation,  primary,  229.4. 


Steel  {contd.) — 

cutting  tests,  2174. 

damping  capacity,  effect  of  mag- 
netic fields,  264. 

die,  properties,  2264. 

effect  of  chromium,  1114. 

effect  of  molybdenum,  1114. 

effect  of  nickel,  1114. 

effect  of  oxygen,  overheating  and 
abnomiaBty,  2224. 

effect  of  phosphorus,  674. 

effect  of  tungsten,  III4 . 

effect  of  undercooling,  2294. 

effect  of  vanadium,  1114. 

fatigue,  effect  of  stress  and  cor- 
rosion, 364. 

fatigue,  recovery  from  by  anneal- 
ing, 1054. 

fatigue  strength,  effect  of  surface 
conditions,  624. 

fatigue  strength,  effect  of  type  of 
stress,  264. 

fatigue  strength  at  low  tempera- 
tures, 1834. 

flake  formation,  924.,  1654., 
1834. 

flake  formation,  effect  of  hydrog^i, 
264. 

flake  formation,  effect  of  iiydro^ 
gen,  bibUography,  264. 

grain-size,  1144. 

greun-size  determination,  1874.   ^ 

graphitic,  properties,  1364. 

graphitisation,  effect  of  elements, 
324. 

hair-line  cracks,  1654. 

h£krdenabiUty,  1054. 

hardenability,  effect  of  deoxidation, 
654. 

hardenability,  effect  of  grain  size, 
664. 

hardenability,  relation  to  ductility, 
264. 

hardenability  tests,  1264.,  2214. 

heat-resistant,  properties,  1344., 
1864. 

high- tensile,  properties,  2274. 

high-tensile,  weldability,  1004. 

high- tensile,  welding,  1674.,  1694. 

high-tensile,  welding,  crack  forma- 
tion, 1674.,  1684. 

hypereutectoid,  tempering,  effect 
of  elements,  584. 

internal  friction,  1044. 

killed,  properties,  1364. 

magnetic  hysteresis,  1334. 

inartensite  point,  effect  of  elements, 
744. 

oxidation,  effect  of  transformation, 
1914. 
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Steel  ((iontd. 

pickling,      hydrogen      absorption, 
176^. 

production,  7 A.,  4SA.,  91-4.,  122^., 
152^.,  204^. 

production,    control    methods    at 
August-Thyssen  HUtte,  206 A. 

production,  Perrin  process,  425P. 

production  from  sponge  iron,  123il. 

production,  slag/molten-iron  equi- 
Ubria,  206^1. 

production,  use  of  statistical  analy- 
sis, 91^.,  209^. 

properties   at   high    temperatures, 
13aA. 

properties   at   high    temperatures, 
effect  of  car TOn,  185^. 

retained   austenite,    effect   of  ele- 
ments,  74^. 

rimming,  addition  of  sodium  fluor- 
ide, 4QA. 

rimming,  ox^rgen  content,  375  Paper. 

rimming,  soUdiflcation,  49il. 

rolling,  structural  changes,  72^. 

rubber    coatings,    Metalastik   pro- 
cess, 182^. 

shatter  cracks,  efiTect  of  hydrogen, 
25  A, 

shatter  cracks,  efiTect  of  hydrogen, 
bibliof;raphy,  25A. 

slag  inclusions,  92^.  n 

solubility  of  gases,  122^. 

stress-strain  diagram,  fluctuations, 
219^. 

structural,  low-alloy,  welding,  101  A. 

transformations,    effect    of   grain- 
size,  191  A, 

tyre,  manufacture,  153^. 

wear,  221  A, 

we£kr  in  vacuum  and  gases,  107^. 

weldability,  17.4.,  172.4. 

weldability  tests,  171-4. 

yield    point,    structural     changes, 
103JI. 
Steel  Plants  : 

boiler  practice,  88-4.,  200-4. 

Chamber  of  Mines  Steel  Products, 
152.4. 

coal  consumption,  41  A. 

Coloreuio  Fuel  and  Iron  Corpora- 
tion, 204.4. 

Granite  City  Steel  Co.,  8-4. 

maintenance  shops,  208-4. 

Rustless  Iron  and  Steel  Corp.,  92-4., 
152.4. 

Weirton  Steel  Co.,  7.4. 

Wisconsin  Steel  Co.,  8-4. 

Youngstown  Sheet  and  Tube  Co.,  7^ . 
Steeloscofb,  Spekker,  79.4.,  141-4. 
Stbllitiko,  173-4. 


Stbwabt-Lloyd  Pbooess  for  forging 

shells,  210-4. 
Stewabts  and  Lloyds  (Austbalia) 
Pty.,  Ltd.,  tube  production, 
10.4. 
Strain,   interrelation  with  stress  in 

tensile  test,  244. 
Strain-Etch    Maskinos,    in    boiler 

plate,  133P. 
Strain-Hardnbss,  manganese  steel, 

106^. 
Stress  : 

effect  on  steel,  fatigue,  35-4. 
interrelation  with  strain  in  tensile 

test,  244. 
measurement,  in  aluminium,  103.4. 
measurement,  in  silicon  steel,  103-4. 
measurement,  use  of  lacquer  coat- 
ings, 26A, 
measurement,    use   of  photo-elas- 
ticity, 103-4. 
measurement,  use  of  polarised  light, 

131.4. 
prolonged,  behaviour  of  steel  under, 
in  sodium  hydroxide  solutions, 
I02P. 
Stress   Raisers,   effect   on  metals, 

fatigue,  63.4. 
Stress -Relief,  welds,  15-4. 
Stress-Strain  Diagram,  steel,  flue-  / 

tuations,  219-4. 
Stresses  :  | 

bending,    repeated,    behaviour    of 
steel  under,  in  sodium  hydrox- 
ide solutions,  136P. 
combined,    effect    on    chromium - 
molybdenum-nickel  steel  tubes 
29i4. 
internal,  in  rolls,  62-4. 
residua],  in  cold-drawn  steel,  130-4. 
residual,  in  welds,  17-4. 
shrinkage,  in  arc  welding,  60.4. 
Strip  : 

age-hardening,  66-4. 
annealing,  14-4.,  15-4.    ' 
cleaning  euid  coating,  179-4. 
cold -rolled,  structure,  136-4. 
heat  treatment,  126-4. 
marking,  95.4. 
pickling,  174-4. 
rolling,  2124. 
welding,  129-4. 
Strep  Mills,  10-4. 
design,  212-4. 

slip  of  friction-roll  drives,  212-4. 
tension  contrgl,  10-4.,  95-4.,  1244., 
212.4. 
Structural  Steel  : 

low-alloy,  welding,  101-4. 
weldabiUty,  17-4. 
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Structure  : 

carburised  steel,  215^. 

cast  iron,  effect  of  inclusions,  203P. 

cold -rolled  iron,  30^. 

cold-rolled  strip,  136^. 

dendritic,  7M.,  229^. 

graphite  in  cast  iron,  199P. 

ingots,  effect  of  turbulence,  49P. 

mosaic,  70 A. 

steel,  changes  during  rolling,  T2A. 

temper   carbon   in   malleable   cast 
iron,  203P. 

tin  coatings,  30^. 
SuiiPHUR : 

determination   in   coal   and    coke, 
239^. 

determination  in  gas,  239^. 

determination    in   iron   and    steel, 
14M.,  236i4. 

effect  in  c€ist  iron,  67-4. 

effect  in  steel,  tempering,  58^. 

elimination  in  cupolcts,  6 A. 
Sulphuric  Acid,  corrosion  of  steel, 

193^. 
SuPERSONics,  see  Ultrasonics. 
Surface  Finish,  metals,  107^. 
Surface  Friction,  metals,  IOTA. 
Surfaces  : 

measurement    of  irregularities, 
113^. 

metal,  characteristics,  188^. 
Swarf,  disposal,  130^. 
Sweden  : 

fuel  situation,  89^. 

rolling-mill  practice,  95-4. 
Swedish  Iron  Ore  : 

flotation,  39.4. 

reducibility,  147.4. 


Tainton  Electrooalvanisino  Pro- 
cess, 1784. 
Tap-Holes,  use  of  clay  gim,  1464. 
Tellurium,  effect  in  c£wt  iron,  con- 
trol of  chill  depth,  7.4. 
Temper  Carbon,  in  malleable  cast 

iron,  structure,  203P. 
Temper    Colours,     stainless    steel, 

994. 
Temperatures : 

distribution  in  arc  welding,  60.4. 

flame,  884. 

high,  behaviour  of  steel  in  sodium 

hydroxide  solutions,  117P. 
hig'h,    properties     of    alloy    steel, 

1114. 
high,  properties  of  alloys,  108X. 
high,    properties    of   carbon   steel, 

133^. 
high,  properties  of  cast  iron,  184.4. 


Temperatures  {contd.) — 

high,  properties  of  foundry  cores, 
47.4. 

high,  properties  of  steel,  effect  of 
carbon,  185.4. 

low,     fatigue    strength    of    steel, 
1834. 

low,    properties    of    nickel    steel, 
1094. 

measurement,  114.,  161.4. 
Tempering  :  ^ 

high-speed  steel,  effect  on  cutting 
efficiency,  98.4. 

hypereutectoid  steel,  effect  of  ele- 
ments, 58.4. 
Tennessee,  mining  and  preparation 

of  manganese  ore,  198.4. 
Tensile  Testing  Machines,   speed 

control,  102.4. 
Tensile  Tests,  218-4.,  219^. 

effect  of  rate  of  strain,  2194. 

effect     of    speed    on     yield-point 
values,  218^1. 

high- temperature,  182.4. 

interrelation    between    stress    and 
strain,  244. 
Testing  Machines  : 

compression,  speed  control,  1024.. 

for  small  specimens,  24.4. 

for  wire  ropes,  244. 

hardness,  pendulum,  64.4. 

tensile,  speed  control,  1024. 
Tests  : 

castings,  28.4. 

cold-rolling,  welds,  172.4. 

corrosion,     electrodeposited    coat- 
ings, 194^4. 

corrosion,  iron  and  steel,  193.4. 

corrosion,  sheets,  2304.. 

cutting,    high-speed    steel,    129.4., 
130.4. 

cutting,  steel,  211  A. 

fatigue,  welded  boiler  plate,  131  A. 

hardenability,  steel,  126.4.,  22 M. 

h£krdenability,  tool  steel,  66.4. 

hardenability,  various  shapes,  68.4. 

hardness,    Brinell,    use    of   micro- 
scope, 2214. 

hardness,  Rockwell,  2204. 

hardness,  thin  sheets,  65.4. 

magnetic,  for  studying  martensite 
transformation  in  welds,  1684. 

moulding  sand,  203.4. 
,  non- destructive,  1134.. 

tensile,  2184.,  2194. 

tensile,    effect    of   rate    of  strain, 
2194. 

tensile,    effect   of  speed  on  yield- 
point  values,  2184. 

tensile,  high -temperature,  1824.. 
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Tests  (corUd.) — 

tensile,  interrelation  between  stress 
and  strain,  24A, 

torsion,  oast  iron,  219^1. 

torsion-fiatigue,  orankshaft  journal, 
94^. 

weldabilit^,  steel,  171^1. 

welded  rails,  ISA. 
ThebmaIi  CoNDUonvmr : 

cast  iron,  effect  of  copper,  63^1. 

carl^n  steel,  108^. 

chromium-nickel  steel,  108^1. 

high-speed  steel,  108^1. 

manganese  steel,  108^1. 

nickel  steel,  108^. 

THEBMOCOXTPIaBS,  II A. 

TiMEEN       BoiiLBB       BbASINO       Cc, 

electric-furnace  practice,  201  A, 
Tin: 

effect  in  steel,  tempering,  5SA, 

electrodeposition,  ISOil. 
Tin  Ck>ATiNOS : 

crysted  structure,  30il. 

streaky,  18Iil. 

TiNNINO  : 

hot-dip  process,  180^1. 
use  in  localised  nitriding,  162^. 
Tinning  Solutions,  use  of  sodium 
stannate,  179^1. 

TiNPLATB  : 

cold-reduced,  properties,  29 A. 
corrosion,  77il. 

electrodeposition     of    chromium- 
nickel,  175^. 
sulphur-resistant  coatings,  I80A. 
TiTANiFEBOiJS  Ibon  Ore,  Smelting, 

89^. 
TiTANinK,     effect     on     chromiiun- 

molybdenum  steel,  2SA. 
TiTANiXTM  Casbidb  : 
in  cast  iron,  235P. 
solubility  in  austenite,  237P.,  267P. 
TiTANinx    Cyano-Nitride    in    cast 

iron,  223P. 
TrrANiuM  Steel,   determination   of 

phosphorus,  ISA, 
Titanium   Sulphide    in   cast   iron, 
224P. 

TiTANIUU-TUNOSTEN     GABBIDE,     USC 

for  cutting  tools,  130^. 
Toooo  Pbooess,  13-4.,  96-4.,  125^. 
Tool  Steel  : 

hardenability  tests,  65 A. 

hardening,  16^1. 

liardening,    dimensional    changes, 

57  A, 
heat  treatment,  1644. 
properties,  135k. 
Torsion-Fatioue  Tests,  crankshaft 
journals,  94^1. 


ToBSiON  Tests,  oast  iron,  219^. 
Traxttob  Pabts,  heat  treatment,  14^ . 
Tbansfobxation  : 

heat  of,  C€hrbon  steel,  108^1. 

beat    of,    ehromium-nickel    stool, 

lOSA. 
heat  of^  high-speed  steel,  108^1. 
heat  of,  maoffanese  steel,  108^1. 
heat  of,  niokM  steel,  108il. 
Tbansfobmations  : 

austenite,    in    molybdenum    cast 

iron,  115A.  , 

austenite,  in  steel,  effect  of  constant 

cooling,  76 A. 
austenite,  m  steel,  effect  of  molyb- 
denum, 76A, 
effect  on  steel,  oxidation,  191^1. 
in  high-speed  steel,  115il. 
isothermal,  in  cast  iron,  230^. 
martensite,    in    welds,     nuhgnetic 

tests,  16SA. 
pearlite,  in  cast  iron,  190il. 
m  steel,  effect  of  grain-size,  191^1. 
Tbanbfobmbbs  for  electric  furnaces, 

I23il. 
Tbomp  Coal-Cleanino  Pbogess,  3^., 

119il. 
Tube  Mills,  160^. 
Tubes  : 

aircraft,  use  of  chromium-molyb- 

deniun  steel,  28^. 
butt  welding,  59k. 
chromium  -  molybdenum  •  nickel 
steel,  effect  of  combined  stress, 
29A. 
cold-rolling,  Rookwright  mill,  52^ . 
forming,  Dewey  method,  159.4. 
forming  machine,  159^. 
seamless,  manufacture,  10.4. 
specification,  British,  112^. 
tests,  non-destructive,  1134. 
welded,  manufacture,  52^. 
welded,  manufacture,  Fretz-Moon 
process,  212A, 

TUNCWTEN  : 

effect  in  steel,  II  1.4. 
effect   in  steel,   martensite    point 
and      amount      of     retained 
austenite,  74.4. 
TuBBiNES,  steam,  41.4. 
Tubbulbnob,  effect  on  ingots,  struc- 
ture and  properties*  49  Paper. 
Tybe  Steel,  manufacture,  153^4. 


Ultrasonics,   detection   of  defects, 

113^4. 
Undebooolino,  effect  on  steel,  229^4. 
United  Kingdom  : 

history  of  ironfounding,  5^. 
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United  Kingdom  (corUd,) — 

specifioation  for  arc  welding,  217 A. 

specification      for      oxy-acetylene 
welding,  102il. 

specification  for  tubes,  112 A, 
Unttbd  States  : 

atmospheric  exposure  tests  on  iron 
and  steel,  287  P(tper, 

iron  industry,  206^1. 

lignite  deposits,  197^1. 

manufacture  of  iron  powder,  444. 

mining  and  preparation  of  man- 
ganese ore,  19SA, 

open-hearth  practice,  8^1.,  2054., 
2064. 
Urals^  manufacture  of  charcoal  pig 
iron,  1464. 


Vacuum,  partial,  production  in  ingot 
moulds  for  removal  of  gases, 
158^. 
Valuation,  iron  ore,  394. 
Valve  Tabpbts,  moulding,  474. 
Valves,  forging,  94. 
Vanadium  : 

effect  in  cast  iron,  1094. 
effect  in  steel,  1114. 
effect  in  steel,  martensite  point  and 
amount  of  retained  austenite, 
744. 
effect  in  steel  castings,  1224. 
Vanadium    Carbidb    in    cast    iron, 

235P. 
Vanadium  Steel,  manufacture  from 
iron  sand,  1234. 


Wales,  iron  industry  of  Powys  Land, 

894. 
Walker  Chabts  for  inclusion  count- 
ing, 1134. 
Wabd-Leonabd    Control   for   mill 

motors,  1244. 
Warren  Foundry  and  Pipe  Associ- 
ation^  pipe-making   practice, 
2034. 
Water  : 

corrosiveness,  2324.,  2334. 
reaction  with  iron,  334. 
Water  Mains,  protective   coatings, 

234. 
Wear  : 

gear  teeth,  107il. 
mechanism,  1074. 
steel,  221^. 

steel,  in  vacmun  and  gases,  1074. 
Wear-Resistant       Coatings       for 
cylinder  liners,  1324. 


Wbibton  Stebl  Co. : 

boiler  plant,  11841. 

plant,  74. 
Weld  Mbtal,  fish-eye  firaotures,  25^4. 
Wbldability  : 

high-tensile  steel,  100.4. 

steel,  174.,  17241. 
Weld  ABILITY  Tests,  steel,  1714. 
Welded     Bocleb    Flats,     fatigue 

tests,  1314. 
Welded  Joints,  cooling,  174. 
Welded  Rails,  tests,  18il. 
Welding  : 

atomic-hydrogen,  aircraft  parts, 
166^4. 

boilers,  1004. 

butt,  tubes  and  pipes,  694. 

cast  iron,  1024.. 

cast  iron,  use  of  bronze  rods,  164. 

chromium- vanadiiun  steel,  594. 

creep-resistant  steel,  1694. 

electric  arc,  nature  of  arc,  164. 

electric  arc,  specification,  British, 
2174. 

electric  arc,  temperature  distribu- 
tion and  shrinkage  stresses, 
604. 

electric  resistance,  99il.,  1694. 

high-tensile  steel,  167.4.,  1694. 

high-tensile  steel^  crack  formation, 
167il.,  1684. 

metallurgical  changes,  1724. 

minerals  used,  16^. 

molybdenum  steed,  1694. 

molybdenum  steel  pipes,  164., 
17u4.,  166il. 

oxy-acetylene,  specification,  British, 
1024. 

pressure  vessels,  1694. 

rolling-mill  parts,  1284. 

spot,  use  of  electro-magnetic  cur- 
rent, 2164. 

stainless  steel,  1284. 

strip,  1294. 

structural  steel,  low-cJloy,  1014. 

wrought  iron,  1294.     • 
Welding  Electrodes  : 

change  of  shape,  1274. 

for  C€k8t  iron,  16941. 
Welding  Torch,  electric  arc,  1284. 
Welds  : 

cold-rolling  tests,  1724. 

defects,  1704. 

effect  of  hydrogen,  1704. 

flame  gouging,  1294. 

inclusions,  1024.,  2174. 

martensite    transformation,    mag- 
netic test,  1684. 
residual  stresses,  174. 
stress-relief,  154. 
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Wheelino  Steel  Corporation,  de- 
phospborisation  of  acid  Bes- 
semer steel,  152^. 
Wheels,  chilled,  manufacture,  lA, 
Wild  Barfebld  Electric  Furnaces, 
Ltd.,      heat-treating      plant, 
213^. 
Wire  : 

coated,  corrosion-fatigue,  234^1. 
cold-drawn,   fatigue   and   bending 

properties,  104^. 
drawing,  dies,  96 A.,  124^. 
drawing,  lubricants,  124^. 
drawing,  reactive,  124^4. 
drawing,  use  of  lime,  124^4. 
drawing  machine,   Mcu^hall  Rich- 
ards, 210^. 
electrogalvanising,  22^. 
electrogalvanising,  Meaker  process, 

1784. 
electrogalvanising,     Tainton     pro- 
cess, 1784. 
electrolytic  cleaning,  1744. 
electrolytic  pickling,  214. 
galvanised,  fatigue,  2204. 
heat  treatment,  1264. 
Wire  Rope  : 

formation  of  mcutensite,  401  Paper. 
testing  machine,  244. 
Wisconsin  Steel  Co.,  plant,  84. 
Witter  Mill  for  rolling  shells,  2104. 
Wrought  Iron  : 

corrosion,  atmospheric,  287P. 
welding  and  cutting,  1294. 


X-Ray  Diffraction  Diagrams,  704. 
X-Ray  Examination  : 

alloy  systems,  1374. 

chromium  coatings,  304. 

exposure  charts,  1124. 

metals,  1364. 
X-Rays,  properties,  304. 


Yield  Point  : 

effect  of  speed  in  tensile  testing, 

2184. 
steel,  structural  changes,  1034. 
YouNOSTowN  Alloy  Castino  Corp., 

plant,  464. 
YouNOSTOWN  Sheet  and  Tube  Co., 
plant,  74. 


Zaforozhstal  Works  : 

melting  of  chromium-steel  scrap  in 
electric  furnace,  1554. 

sheet  mills,  1604. 
Zinc  :  - 

corrosion  in  ethyl  alcohol,  2314. 

electrodeposition,  224. 
Zinc  Coatings  : 

properties,  224.,  1784. 

thickness  measurement,  1704. 
Zinc  Oxide,  effect  on  checker  bricks, 

1984. 
Zirconium  : 

effect  in  cctst  iron,  inolusions,  240P. 

effect  in  steel  castings,  1224. 
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Abe,  S.,  salt-bath  (quenching,  96^1 

AbelIj,  C.  D.,  elimination  of  sulphur 
in  cupolas,  6^. 

Abobn,  R.  H.,  metallurgical  changes 
during  welding  and  weid- 
ability  of  steel,  172^. 

Abott,  E.  J.,  measurement  of  sur- 
face irregularities,  113^. 

Abbahamsok,  G.,  Qermcui  iron  in- 
dustry, 44  A, 

^BRAMSON,  D.  S.,  thickness  measure- 
ment of  zinc  coatings,  179^. 

Adcock,  F.  : 

Paper :  **  Exposure  of  Iron  and 
Steel  Specimens  to  Sodium 
Hydroxide  at  High  Tempera- 
ture and  Pressure,*'  117P. 
Paper:  '*  Prolonged-Stress  Tests 
on  Iron  and  Steel  Specimens 
Immersed  in  Hot  Sodium 
Hydroxide  Solutions.'*  See 
Jenkins,  C.  H.  M. 

Adcock,  F.,  and  C.  H.  M.  Jenkins  : 

Paper  :  "  Strain -Etch  Markings  in 

Boiler-Plate  Material  of  Acid 

Open-Hearth      Memufacture.  *  * 

133P. 

AiYER,  K.  D.,  elected  Associate,  1 5P. 

At.t.eman,  N.  J.,  tests  of  welded  rails, 
18^. 

Aluen,  a.  G.,  electro-plating,  175^4. 

Allen,  R.,  chrome  ore  deposits,  38^. 

Allison,  A.,  inclusions  in  cast  iron, 
268P. 

Alov,  a.  a.,  welding  arc,  16 A. 

AMBABZIJMLA.N,  R.  S.,  corrosion  of 
metals  by  ethyl  alcohol,  231  A. 

Amos,  F.  H.,  cooling  of  moulding 
sand,  QA. 

Anderson,  F.  R.,  failure  of  drill 
steel.  220^. 

Anderson,  S.,  thickness  measure- 
ment of  chromium  coatings, 
176^. 

Araki,  I.,  determination  of  inclusions 
in  steel,  141.^. 

Arblaster,  H.  E.,  heat-resistcmt 
steel,  185>i. 

Armstrono,  E.,  phosphatising  of 
metals,  22^4. 

AsHGRorr,  W.,  low-alloy  steel,  28^. 


AsiMOW,   M.,   hardening   of  various 

shapes,  58^. 
Austin,  C.  R.  : 

graphitisation  of  carbon  steel,  32il. 

relation  of  cementite  stabihty  to 

grain-size,     abnormality    and 

hardenability,  74^. 

tempering  of  hypereutectoid  steel, 

5SA. 

Austin,  H.  S.,  automobile  castings, 

161^. 
Austin,  J.  B.  : 

control    of    furnace    atmospheres, 

163^. 
magnetic     permeability     of    iron- 
chromium-nickel  alloys,  21  A. 
Auvil,    H.    S.,    shrinkage    of   coke, 

146^. 
Ayebsten,  J.,  deseaming  of  billets, 

19^. 
Ayrbs,  H.  S.,  elected  Associate,  15P. 


Babat,  G.,  concentration  of  eddy 
currents  for  zonal  heating, 
126^. 

Bacon,  N.  H.,  metallurgical  observers, 
49  A. 

Baeyertz,  M.,  stress-strain  relation- 
ship in  tensile  test,  24^4. 

Baier,  S.,  stannous  chloride  as  pick- 
ling inhibitor,  20.^. 

Baillie,  W.,  elected  Member,  13P. 

Baker,  R.  W.,  oil  coatings,  23^. 

Baker,  W.  A.,  determination  of 
oxygen  in  steel,  394^4. 

Baldaste,  R.  F.,  determination  of 
sulphur  in  gas,  239.^. 

Bales,  S.  H.,  elected  Member,  13P. 

Balicki,  M.,  awarded  Carnegie  Re- 
search Grant,  17P. 

Ballis,  a.  E.,  salt-bath  furnaces  for 
brazing,  17^. 

Bannister,  J.  B.  : 

prepcuration  of  ironstone,  118^4. 
elected  Member,  13P. 

Baranchuk,  S.  I.,  effect  of  elements 
on  martensite  point  and  re- 
tained austenite  in  steel,  74^4. 

Bardenheuer,  p.,  crystallisation 
steel,  229i4. 
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BABiiOW,  T.  E.,  copper  cast  iron,  2TA, 
Babnett,  M.  K.,  action  of  hydrogen 

in  manufacture   of  malleable 

cast  iron,  45 A, 
Babb,  W.,  interorystalline  cracking 

of  boUers,  160P. 
Babbat,  W.  M.,  temperature  control 

and  measurement,  II A. 
Babbett,  C.  S.,  effect  of  cold-rolling 

on  orientation  of  orystcds,  ZOA. 
Babtlet,  M.  W.,  iron  ore  in  Ontario, 

38^. 
Bast,  E.  C,  tests  of  welded  rails,  18^. 
Bates,  L.  F.,  temperature  changes 

during  magnetisation,  133^. 
Bauoh,  F.,  sodium  stannate  tinning 

solutions,  179^. 
Bazanishvil',  v.,  dry- quenched  coke, 

146^. 
Bech,  His  Excellency  Joseph,  speech 

at  Luncheon,  lOP. 
Beeok,    O.,    boundary    lubrication, 

1074. 
Behb,  a.,  ultrasonic  tests,  113^1. 
Belbin,  R.  R.,  electroplating,  11 5 A. 
Belchbb,  R.,  detemunation  of  car- 
bon and  hydrogen  in  coal,  79-4. 
Belchikova,    E.    p.,    corrosion    of 

metals  by  eth^l  alcohol,  231^1. 
Belobusov,  S.,  rolling  of  stainless- 
steel  sheets,  62 A. 
Benson,  L.  E.,  inclusions  in  welds, 

1024.,  2174. 
Bebnhabd,  R.  K.,  speed  of  loading 

in  testing,  1024. 
Beswiok,   W.   R.,   elected  Member, 

13P. 
Beyeb,  H.  G.,  neutron  study  of  iron- 

nickel  alloys,  1384. 
Billimobia,  L.  M.,  elected  Member, 

13P. 
Bindeb,  W.  O.,  effect  of  molybdenum 

and    niobium    in    chromium 

steel,  1124. 
BiNNEB,  S.,  elected  Associate,  15P. 
Bibkhead,    M.,    elected    Associate, 

15P. 
Bishop,  C.  R.,  effect  of  molybdenum 

and    niobium    in    chromium 

steel,  1124. 
Black,   J.   F.,  safety  procedure  for 

gas-fired  furnaces,  34. 
Blanchabd,  J.  R.,  effect  of  molyb- 
denum   on    austenite    trans- 
formation in  steel,  764. 
Blasko,  E.,  induction  heating,  544. 
Bleckmann,    R.,    crystallisation    of 

steel,  2294. 
Blum,  W.,  thickness  measurement  of 

chromium  coatings,  1764. 


Boelteb,  L.  M.  K.,  surface  reactions 

and  diffusion,  644. 
Boho,  M.  J. : 
boiler  plants,  34. 
sockking  pits,  2094. 
Bootes,  R.  K.,  elected  Member,  13P. 
Booth,  J.  C,  inclusions  in  cast  iron, 

272P. 
BooTUAN,  H.,  elected  Member,  13P. 
BosE,  A.  K.,  elected  Associate,  15P. 
Boston,  O.  W.,  machining  tests  of 

steel,  2174. 
Box,  W.  E.,  magnetic  separation  <  of 

scrap,  484. 
Boyle,  A.  J.,  analysis  of  chrome  ore 

and  chrome  refractories,  2404 . 
BoYLES,  A.,  pearlite  transformation 

in  oast  iron,  1904. 
Bbadbxtbt,  E.  J.,  elected  Associate, 

16P. 
Beat,  J.  L. : 

electrodeposition  of  zinc,  224. 
zino  coatmss,  1784. 
Bbedio,  M.  a.,  effect  of  silicon  and 

aluminiiun      in       chromium- 

molybdeniun  steel,  1144. 
Bbeoman,  a.,  effect  of  base  metal  on 

quality  of  coating,  1774. 
Bbiok,  R.  M.,  fatigue  and  damping 

properties    of    aircraft    sheet 

materialB,  644. 
Bbino,  G.  G.,  flotation  of  hematite 

ore,  394. 
Bbinson,  S.  W.,  directional  solidifica- 
tion of  steel  castings,  464. 
Bbitton,  S.  C,  corrosion  of  metals  in 

railway  tunnel,  2324. 
Bbonson,  D.,  coating  of  water  mains, 

234. 
Bbooks,  J.  L.,  drying  of  cupola  blast, 

64. 
Bbuceeb,  p.  R.,  end-quench  harden- 

ability  test,  2214. 
BBtJHL,     F.,     case-hardening     alloy 

steels,  2244. 
Bbunjes,    H.   L.,    determination   of 

sulphur  in  coal  and  coke,  2394. 
Bbyan,  a.  M.,  elected  Member,  13P. 
Buchanan,  W.,  elected  Member,  1 3P. 
Buchanan,  W.  G.,  elected  Member, 

13P. 
BuDNiKOV,   P.   P.,   chrome-dolomite 

refra<;torie8,  854. 
BuBNS,  B.  D.,  elected  Associate,  15P. 
BuBNS,  J.  L.,  hardenability  of  steel, 

1274. 
BuRB,  W.  H.,  American  iron  and  steel 

industry,  2064. 
Bubrouoh,   E.   J.,   Curran-Knowles 

process,  884. 
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BnvicBS,  H.,  elected  Member,  13P. 


Cady,  J.  R.,  flame-cutting  of  metallo- 
graphic  specimens,  30^. 

Caldwell,  G.  A.,  electrical  equip- 
ment for  cleaning  euid  coating 
of  sheet  and  strip,  179^. 

Campbbll,  G.  J.,  purging  of  gas  lines, 

Campbell,    T.    C,    sheet    mills    of 

Follansbee  Steel  Corporation, 

211^. 
Ca&boll,  G.  R.,  standard  mill  motors, 

lOA. 
Casbebo,  C.  H.,  torsion  tests  of  cast 

iron,  219^. 
Cash,  G.  V.,  effect  of  deoxidation  on 

hardenability,  65^. 
Cech,    F.    C,    coatings   for   foundry 

patterns,  46^. 
Cellan-Jones,   G.,   low-temperature 

carbonisation,  200^. 
Chadeybon,   a.,   action    of    alkalis 

on  refirakctories,  39^. 
Challoner,    a.    R.,    thermal    con- 
ductivity of  refrjwtories,  198^. 
Chalmers,    B.,    lattice   lines   in   tin 

coatings,  30^. 
Charlton,  M.,  brittle  remge  in  ingot 

iron,  108^. 
Chase,    H.,    alloys    for    automobile 

construction,  29^1. 
Chernyak,  v.,  properties  of  nickel  steel 

at  low  temperatm^s,  109^. 
Chermyak,  V.  S.,  fatigue  of  steel  at 

low  temperatures,  183^. 
Cherry,  R.  M.,  annealing  furnace  for 

malleable  ccist  iron,  46.^. 
Chbsters,  J.  H.  : 

basic  refractories  for  open-hearth 

furnaces,  86^. 
effect    of   zinc    oxide    on    checker 

bricks,  198^. 
refractories  for  steel  plants,  199 A. 
Chipman",  J.  : 

determination  of  oxygen  in  steel, 

139^. 
liquid-iron /slag  equiUbria,  206^. 
Chivers,  J.  H.,  refractories  for  arc 

furnaces,  86^. 
CHnPABKOVA,  N.  P.,  effect  of  quench- 
ing on  retained   austenite   in 

chromium-nickel  steel,  15 A. 
Church,  R.  S.,  elected  Associate,  15P. 
Clark,  C.  L.  : 

effect  of  silicon  and  aluminium  in 

chromium-molybdenum    steel, 

114^. 
heat-resistant  steel,  134^. 


Clark,  G.  L.  : 

microradiography,  70-4. 
stresses  in  silicon  steel  and  alu- 
0     minium,  103^. 

Clark,  H.,  elected  Member,  I4P. 

Clark,  W.,  elected  Associate,  15P. 

Claussek,  G.  £.,  cooling  of  welded 
joints,  llA. 

Cleveland,  C,  forging  plant  of 
Missouri  Pacific  Railroad, 
210^. 

Clews,  F.  H.,  action  of  alkalis  on 
refractories,  39^.,  40^.,  87-4. 

Cline,  C.  R.,  protective  atmospheres 
for  heat  treatment,  164^.. 

CocKOROTT,  R.  A.  M.,  elected  Associ- 
ate, ISP. 

Cohen,  M.,  austenite  transformation 
in  cast  iron,  230^. 

CoLBEOK,  E.  W.,  S.  W.  Craven  and 
W.  Mxtrray  : 
Paper  :  *'  Description  of  the  Pro- 
cedure now  Adopted  for  the 
Chlorine  Method,^*  332P. 
Paper  :  **  General  Summary  Show- 
ing the  Applicability  and  Utility 
of  the  Chlorine  Method,*'  339P. 

Collet,  W.  W.,  asphalt-mastic  coat- 
ings, 2ZA, 

Collins,  F.,  flame-cutting  of  steel, 
18^. 

Collins,  W.  J.,  elected  Member,  14P. 

Collins,  W.  L.,  torsion  tests  of  cast 
iron,  219i4. 

CoLLisoN,  W.  H.,  gas-mixing  plant 
of  Great  Lakes  Steel  Corp., 
89^. 

_  ^  ■ 

CoLViN,  S.  J.,  cleeuiing  of  steel  prior 

to  painting,  11  iA, 
Comstook,  G.  F.  : 

effect   of  titanium   in   chromium- 
molybdenum  steel,  2SA, 
inclusions  in  oast  iron,  263P. 
Cone,  E.  F.  : 

oastixig  of  crankshafts,  47i4. 
centrimgal  casting  of  pipes,  203i4. 
malleab^  cast  iron,  QA. 
plant  of  Rustless  Iron  euid  Steel 
Corporation,  152.4. 
Cook,  A.  J. : 

Paper  :  **  Exposure  of  Iron  and 
Steel  Specimens  to  Sodiiun 
Hydroxide  at  High  Tempera- 
ture and  Pressure."  See 
Adcock,  F. 
Cook,  N.  E.,  galvanising  plants,  21il. 
Cooper,  J.  H.,  welding  of  strip  during 

rolling,  1294. 
Cornelius,  H.,  hardenable  manganese 
steel,  227^. 
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GoRBiB,  B.  J.  B.,  elected  Member, 
14P. 

CoBT,  H£NBT,  life  and  work,  90il. 

GosoBAVE,  W.  J.  G.,  elected  Member, 
14P. 

GoTTON,  R.  F.,  elected  Associate, 
16P. 

GoTTBBLL,  A.  H.,  welding  of  high- 
tensile  alloy  steel,  167^., 
168^. 

Gox,  G.  L. : 

corrosion  of  metals  in  coking  in- 
dustry, 117^1. 
potentials  of  metals  in  sea  water, 
232^. 

Gbaio,  J.,  speech  at  Luncheon,  IP. 

Gbambb,  R.  E.,  tests  of  welded  rails, 
18^. 

Gbane,  J.  Bi,  waste-heat  boilers, 
200^. 

Gbaven,  S.  W.  : 

Paper  :  **  General  Summary  Show- 
ing the  Applicability  and 
UtUity  of  theCtdorineMethod.' ' 
Se^  COLBECK,  E.  W. 
Paper  :  **  Description  of  the  Pro- 
cedure now  Adopted  for  the 
Ghlorine  Method.*'  See  Col- 
beok,  E.  W. 

GbbsswelIi,  R.  a.,  elected  Associate, 
ISP. 

Gbiley,  W.  W.,  forging  of  shells, 
158^. 

Gboco,  G.  p.,  tension  control  on  strip 
mills,  \0A. 

Gboq,  R.  S.,  effect  of  gas  pressure  on 
passivity  of  iron,  233^. 

Gboss,  H.  C.,  creep-resistance  of 
steel,  222^. 

Gbowtheb,  p.  D.,  welding  of  high- 
tensile  fiJloy  steel,  168^. 
^  CuDWOBTH,  J.  R.,  coking  properties 
of  Alabama  coal,  ^A. 

GiTMMiNOS,  A.  D.,  coal  washing,  3X. 

CuBBAN,  M.  D.,  GurrGkn-Knowles  pro- 
cess, 89il. 


Dahi.,  O.,  bright  cmnealing  of 
chromium  steel,  14^. 

Damon,  G.  H.,  acid  corrosion  of  steel, 
193^. 

Dabnieixe,  R.  B.,  meeksurement  of 
electrode  potentials  and  polcu'i- 
sation  in  soil-corrosion  cells, 
138^. 

Dabbah,  a.,  gas  ccu'burising,  162^. 

Davenpobt,  E.  ^.,  effect  of  grain 
size  on  isothermal  transforma- 
tions, 191^. 


Davies,  a.  S.,  charcoal  iron  industry 

of  Powys  Land,  89-4. 
Davies,  G.  E.,  sheet  and  strip  mills, 

21M. 
Davis,  E.  G.,  safety  procedure  in  oil- 
fired  furnaces,  3^. 
Davis,  E.  W.,   cost  of  Mesabi  ore, 

39il. 
Davis,   H.   F.,   malleable  cast  iron, 

203^. 
Davis,   J.   D.,    shrinkage    of    coke, 

146^. 
Dawson,  G.,  elected  Associate,  15P. 
Dawson,  H.  H.,  seizure  of  cast  iron 

under  sliding  friction,  66^. 
Day,   M.  J.,  controlled  atmospheres 

for  annealing,  163^. 
Day,  R.  O.,  flame  hardening,  12^. 
Dayton,  R.  W.,  mechanism  of  wear, 

107i4. 
Deabden,   J.,   welding  of  low-alloy 

steel,  101^. 
Dehn,    W.    M.,    photomicrography, 

228/1. 
Debient'ev,  -V.,  magnesite   bottoms 

for      open-hearth       furnaces, 

144^. 
Demeo,     I.,    production     of    sound 

ingots,  156^. 
Denisov,   a.,   manufacture  of  alloy 

steel     in     baaic     open-hearth 

furnace,  154^. 
Debob,  G.,  meteoric  iron,  189-4. 
Desch,  C.  H.  : 

Introdtiction   to    Report:    **  Inter- 
crystalline  Cracking  in  Boiler 

Plates,"  94P. 
dendritic  structure  of  alloys,  71-4., 

229P. 
effect  of  turbulence  on  structure  of 

ingots,  90P. 
martensitic    layers    in    rope    wire, 

418P. 
Desmond,  J.  K.,  hardenability  tests 

of  tool  steel,  65^. 
Dick,  G.,  elected  Member,  14P. 
Dickinson,  H.  W.  : 

life  and  work  of  Henry  Cort,  90-4. 
origin  of  gauges,  159^. 
DiEBOABTEN,   H.,   case-hardeuing  of 

chroijiium-molybdenum     steel 

and  chromium-manganese 

steel,  214^. 
DiEBKEB,  A.  H.,  seizure  of  cast  iron 

under  sliding  friction,  66-4. 
DiETEBT,  H.  W.  : 

effect   of  moulding   sand   on   cast 

iron,  68-4. 
properties  of  cores  at  high  tempera- 
tures, 47-4. 
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DiooES,  T.  G.  : 

effect  of  grain  size  on  cooling  rate 

of    iron-carbon    alloys,    31^., 

73A. 
effect  of  heating  rate  on  grain  size, 

73^. 
DiNSDALE,  C,  elected  Member,  14P. 
Dobbins,    N.  E.,  pyrometers,   II A., 

1604. 
Donaldson,  J.  W.,  marine  corrosion 

of  steel,  35A, 
DoBN,  J.  E.,  surface  reactions  euid 

diffusion,  54 A. 
Dow,  J.  A.,  gas  carburising,  12 A. 
DowDEiiL,  R.  L. : 

cold-rolling  tests  of  welds,  1724. 
effect  of  sulphur  in  cast  iron,  674. 
DowLE,    R.   v.,   cast   iron   in   auto- 
mobile construction,  1844. 
DowNiE,    C.    C,    pickling    of   strip, 

1744. 
Doyle,     J.     E.,     elected     Member, 

14P. 
Draffin,  J.  O.,  torsion  tests  of  cast 

iron,  2194. 
Drake,  C.  C,  chilled  wheels,  74. 
Drever,    H.,  nitriding    of   stainless 

steel,  554. 
Drucker,    D.    C,    stress    analysis, 

1034. 
DuBOVOY,    V.    Ya.,     tempering    of 

high-speed  steel,  984. 
DtJFFY,  C.  E.,  safety  precautions  in 

burning  blast-fuirnace  gas,  34. 
Duke,  M.  J.,  elected  Member,  14P. 
Duma,  J.  A.,  directional  solidification 

of  steel  castings,  464. 
DuNLEAVY,  F.,  co-operation  between 

foundryman  euid  metallurgist, 

1214. 
D#NNINQ,   J.   R.,   neutron  study  of 

iron-nickel  alloys,  1384. 
DuTTA  Roy,  R.  'K.,   Indian  coking 

coals,  424. 


Eaoan,  T.  E.,  distortion  in  heat 
treatment  of  Meehanite,  584. 

Ebisuda,  M.,  determination  of  nitro- 
gen in  alloy  steel,  1404. 

Eborall,  R.  J.  L.,  elected  Associate, 
15P. 

Eckel,  J.  A.,  properties  of  enamelling 
iron,  1814. 

Eckel,  J.  C.,  properties  of  enamelling 
iron;  1814. 

Edwards,  A.  R.,  elected  Associate, 
15P. 

Edwards,  C.  L.  T.,  use  of  scrap  in 
blast-funmce,  1474. 
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Edwards,  O.  S.,  aluminium-cobalt- 
iron  system,  1924. 

Edwards,  W.  S.,  iron  ore  in  Sierra 
Leone,  384. 

Ekman,  p.  G.,  Swedish  rolling-mill 
practice,  954. 

Elbe,  G.  von,  flame  temperature, 
884. 

El'oot,  S.  A.,  graii^-size  determina- 
tion in  steel,  1874. 

Elin,  L.  v.,  surface  temperature  of 
sliding^surfaoes,  1834. 

Elliot,  Q.  D.,  preparation  of  iron- 
stone, 1184. 

Ellis,  J.  H.,  elected  Associate,  15P. 

Ellis,  W.  C,  iron-cobalt  system, 
1164. 

Emerson,  R.  W.,  welding  of  molyb- 
denum steel  pipes*  1664. 

Endo,  T.,  internal  friction  in  carbon 
steel,  1044. 

England,  H.  H.,  elected  Member, 
14P. 

English,  A.,  elected  Associate,  15P. 

English,  J.,  heat  treatment  of  tool 
steel,  1644. 

Erler,  J.,  flame-hardening,  1254. 

Ernst,  H.  : 

chip  formation  in  machining,  614. 
surface   friction   of  clean   metals, 
1074. 

Ess,  T.  J.  : 
plant  of  Granite  City  Steel  Co.,  84. 
plant  of  Wisconsin  Steel  Co.,  84. 
plant   of  YoungstowH   Sheet   and 

Tube  Co.,  74.    - 
sheet    mills    of    Follansbee    Steel 
Corp.,  2114. 

Ethbridge,  a.  T.,  determination  of 
phosphorus  in  titanium  steel, 
784. 

Evans,  N.  L.,  pig-iron  meuiufacture, 
1204..  1474. 

Evans,  T.,  calorific  value  of  coals,  34. 

Evans,  U.  R.,  intercrystalline  crack- 
ing of  boiler  plate,  159P. 


Fairley,  T.,  hardness  of  cold-drawn 
wire,  413P. 

Fastovskiy,  B.,  Bessemer  steel, 
2044. 

Favel,  M.,  elected  Member,  14P. 

Faynberg,  Yu.  M.,  elastic  deforma- 
tion of  rolls,  604. 

Feild,  a.  L.,  thermal  relations 
between  ingot  and  mould, 
192P. 

Fellows,  A.  T.,  manufacture  of  iron 
powder,  444. 
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Febouson,  Mildbbo,  fish-eye  frac- 
tures in  weld  metal,  25A. 

Fettebs,  K.,  application  of  statistical 
analysis  to  steelmaking,  91  ^. 

Fbttebs,  K.  L.,  liquid-iron/slag 
emiilibria,  206^. 

Fetzbb,  M.  C.  : 

graphitisation  of  carbon  steel,  Z2A, 
relation  of  cgmentite  stability  to 
crain    size,    abnormality    and 
nardenability,  74A, 

Feyoin,  M.  8.,  chrome-dolomite  re- 
fractories, 85^. 

Flaoo,  H.  v.,  use  of  coal  in  steel 
plants,  41A, 

Flbtcheb,  a.,  heat  treatment  of 
shafts  and  axles,  98^. 

Foley,  F.  B.,  flakes  and  cooling 
cracks  in  forgings,  183il. 

FoLKNEB,  M.  H.,  gas-carburising 
furnaces,  96^1. 

FoBBES,  D.  P.,  effect  of  manganese 
on  graphitisation  of  malleable- 
cast  iron,  149^. 

FoBSYTHB,  W.  £.,  pyrometry,  11^. 

FosTEB,  J.  L.,  flame-hardening  bear- 
ing rings,  125^. 

Fox,  G.,  charging  of  blast-furnaces, 
200A, 

Fox,  M.  J.,  elected  Associate, 
16P. 

Fbanks,  R.,  effect  of  molybdenum 
and  niobium  in  chromium 
steel,  112^. 

Fbaseb,  O.,  jun.,  stainless  steel  for 
aircraft  construction,  225 A. 

Fbaseb,  O.  B.  J.,  corrosion  of  metals 
in  coking  industry,  117^. 

Fbediani,  H.  a.,  determination  of 
copper  in  steel,  235^. 

Fried,  B.,  seizure  of  cast  iron  imder 
sliding  friction,  66^. 

Fby,  L.  H.,  effect  of  speed  in  tensile 
tests,  218^. 

Fbye,  F.  C,  gas-mixing  plant  of 
Great  Lakes  Steel  (Corporation, 
S9A. 

P^UJii,  Y.,  reduction  of  purple  ore, 
89^. 


Gale  MIX,  M.,  rolling  of  plates  at 
Petrovskiy  Works,  51^. 

Galloway,  D.  F.,  disposal  of  swarf 
and  scrap,  130^. 

Galloway,  R.  D.,  manufacture  of 
ordnance  and  armour  plate, 
94^. 

Gates,  O.,  analysis  of  chromium- 
nickel  steel,  78^. 


Gaylby,  C.  Ty  residual  stresses  in 
welds,  I'M. 

Gbbebt,  N.  J.,  corrosion  tests  of  elec- 
trodeposited  coatings,  194^. 

Gbb,  K.  W.,  pyrometers.  Ilk.,  160^. 

Geil,  G.  W.,  corrosion-fatigue  of 
steel,  36 A, 

Gebasdcohux,  G.  S.,  use  of  iron- 
impregnated  coke  in  blast- 
furnaces, 43^. 

GiEB,  J.  R.  : 

controlled  atmospheres,  57^1 . 
controlled  atmospheres  for  harden- 
ing, 163^. 
hardening  of  tool  steel,  IQA, 

Gdbb,  J.  T.,  surface  reactions  cmd 
diffusion,  64 A, 

Gilbebt,  W.  W.,  machining  tests  of 
steel,  217^. 

Gill,  J.  P.,  tool  steels,  134^. 

GiLLET,  H.  W.,  tensile  tests,  219^. 

GiLMOBE,  J.,  elected  Associate,  15P. 

GiNDiN,  L.  G.,  corrosion  of  metals  by 
ethyl  alcohol,  23M. 

GiVENS,  J.  W.,  boundary  lubrication, 
107^. 

Gladwin,  W.  M.,  elected  Member, 
14P. 

GoDiBBY,  H.  J.,  fatigue  and  bending 
properties  of  cold-drawn  wire, 
104^. 

GoL*DENBEBO,  B.,  roll  diameter  in 
Lauth  mill,  5M. 

Gol'dman,  v.,  manufacture  of 
chromium  •  molybdenum  -  cdu- 
minium  steel,  155^. 

Golovati,  R.  N.,  reactivity  of  coke, 
41A. 

GoNSEB,  B.  W.,  controlled  atmo- 
spheres, 97^. 

Good,  R.  C,  iron  and  steel  casti2%s, 
l2iA. 

€k)ss,  N.  P. : 

heat  treatment  of  strip,  16^. 
structure  of  hot-   and  cold-rolled 

steel,  72^. 
structure    of    recrystallised    iron, 

136^. 
X-ray  diffraction  diagrams,  70^. 

Gouoh,  H.  J.,  and  BL  v.  Pollabd  : 
Report :  *'  Some  Experiments  on 
the  Behaviour  of  Specimens  of 
Boiler  Plate  euid  Boiler  Joints 
Subjected  to  Slow  Cycles  of 
Repeated  Bending  Stresses 
while  Immersed  in  a  Boiling 
Aqueous  Solution,"  136P. 

Gow,  C.  M.,  elected  Member,  14P. 

Gbaham,  H.  W.,  acid  Bessemer  pro- 
cess, 48^. 


NAUB  INDEX. 


S8 


Grain,  W.  H.,  heat- treatment  fur- 
naces, 14^. 

Grange,  R.  A.  : 

austenite  transformation  in  steel, 

IQA. 
eifect  of  grain  size  on  isothermal 
transformations,  19M. 

Gray,  N.,  and  M.  C.  Sandbrs  : 
Paper:  ''The  Development  and 
Comparison  of  Two  Procedures 
for  the  Aluminium  Reduction 
Method  for  Determining  Oxy- 
gen in  Steel.  General  Sum- 
mary Showinff  Applicability  of 
the  Aluminium  .Reduction 
Method,"  321P. 

Gray,  P.  R.,  elected  Associate,  15P. 

Gray,  T.  H.  : 

dimensional  changes  in  hardening 

of  tool  steel,  57^1. 
hardness  conversion  tables,  105^4. 

Grebenichenko,  a.,  Rockwright 
tube  mills,  52 A. 

Grechnyy,  Ya.  v.,  crystckllisation  of 
alloys,  73^. 

Green,  A.  T.,  action  of  alkalis  on 
refractories,  39^.,  40-4., 
S7A. 

Greoo,  H.  J.,  heat  treatment  of 
tractor  parts,  14A. 

Greiner,  E.  S.,  iron-cobalt  system, 
116^. 

Grey-Davies,  T.,  rimming  steel,  49-4. 

Griffith,  H.  M.,  open-hearth  prac- 
tice, 206-4. 

Griffiths,  E.  : 

thermal  changes  in  iron  and  steel, 

108^. 
thermal    conductivity    of    refrac- 
tories, 198^. 

Griffiths,  G.  H.,  elected  Member, 
14P. 

Grigm>s,  J.  O.,  open -hearth  practice, 
122  A. 

Griswold,  G.  Z.,  hard-facing,  1734. 

Grossmann,  M.  a.  : 

effect    of    grain    size    on    harden - 

abiUty,  66 A. 
hardening  of  various  shapes,  584. 

Gude,     G.    E.,    jun.,    stainlo8S-clad 

Guiler,  G.  M.,  action  of  hydrogen  in 
manufacture  of  malleable  cast 
iron,  45 A. 

Guillbt,  L.,  jun.,  modulus  of 
elasticity  of  alloys,  23.4 . 

Gulyaev,  a.,  low-alloy  high-speed 
steel,  226i4. 

GuREViCH,  D.,  rolling  of  stainless- 
steel  sheets,  52 A. 


UAANBii,     R.     F.,     Curran-KnowlM 

process,  88.4. 
Hafstein,  R.  J.,  effect  of  grain  aize 
on  isothermal  transformations, 
19M. 
Hale,  C.  H.,  determination  of  copper 

in  steel,  235 J.. 
Halls,   E.   E.,   tiichlorq^hylene  de- 
greasing  plants,  19i4. 
Halstbad,    H.    L.,    precautions    in 

burning  premised  gases,  3 A, 
Ham,  J.  L.,  transformations  in  high- 
speed steel,  115.4. 
Hamilton,  A.  N.,  elected  Member, 

14P. 
Hara,    O.,    forging   of   crankshafts, 

94^. 
Harbord,  V. : 

distribution  of  oxides  in  steel,  388P. 
heat-tinting    cast-iron    specimens, 
258P. 
Hardwick,  J.  v.,  polishing  of  oast- 
iron  specimens,  268P. 
Harris,  G.  T.,  miniature  test-pieces 

for  hot  tensile  testing,  182^. 
Harris,   H.,   welding  of  tubes  and 

pipes,  59.4. 
Harrison,  J.  W.,  elected  Member, 

14P. 
Harrison,  W.  N.,  thickness  measure- 
ment of  enamel  coatings,  22 A, 
Hart,  C,  : 

memufacture  of  pig  iron  in  electric 

furnaces,  5 A. 
refractories    for    electric    smelting 
furnaces,  199^. 
Hartmann,  F.,  behaviour  of  materials 

in  blast-furnace,  201i4. 
Hartwell,  R.  R.,  corrosion  resist- 

emce  of  tinplate,  77i4. 
Hatch,  G.  B.  : 

corrosion    control    with    threshold 

treatment,  192.4.  ^ 

corrosivity  of  water,  233 il. 
Hatfield,  W.  H.  : 
alloy  steel,  IS5A, 
determination  of  oxygen  in  steel, 

392P. 
remarks  on  Report  of  Oxygen  Sub- 
Committee,  388P. 
Hayashi,  I. : 

absorption    of   nitrogen    by    iron, 

109  A. 
determination  of  nitrogen  in  alloy 
steel,  140^. 
Hay^^'god,  F.  W.  : 

diffusion  in  solids,  54.4. 

electric    heat -treatment    furnaces, 

1644. 
nitriding  of  steel*  13^. 
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Hedbbbo,  C.  W.,  electrical  cleeoiing 

of  gas,  4^. 
Hbujobian,  H.  A.,  determination  of 

porosity  in  refractories,  40^. 
Heindl,  R.  a.,  effect  of  water  euid 

mixing    time    on    refractory 

mortars,  87^. 
Hempel,  M.,  effect  of  type  of  stress 

on  fatigue  stress,  2QA, 
Henon,  F.,  pouring  of  castings,  7 A, 
Henby,    O.    H.,    cooling   of  welded 

joints,  17^. 
Hekinoton,  C.  F.,  heating  of  billets, 

Hertzoo,  E.  S.,  coking  properties  of 

Alabcuna  coal,  4 A . 
Hebzig,  a.  J.  : 

effect  of  molybdenum  on  austenite 

transformation  in  steel,  16 A. 
transformations  in  high-speed  steel, 

115^. 
Hess,    W.    F.,    change   of  shape   of 

weldinff  electrodes,  127^. 
Hewitt,  W.  v.,  elected  Member,  14P. 
Heyn,  H.  M.,  controlled  atmospheres, 

UA. 
HiGASHOfUBA,    S.,    nickel-free    case- 

*  hardening  steel,  135^. 
HiOGS,     D.     H.,     determination     of 

phosphorus  in  titanium  steels, 

78^. 
HnjLiKEB,    C.    R.,    austenite    trans- 
formation in  cast  iron,  230^1. 
HiBD,  B.,  moulding  of  castings,  91  A. 
HiBST,  A.  C,  steam  turbines,  41  A, 
Hisley,    D.    G.,    operation    of    gas 

safety  regulators,  3^. 
HoAB,   T.   P.,   stannous   chloride  as 

pickling  inhibitor,  20 A. 
Hoenicke,  E.  C,  moulding  of  valve 

tappets,  41  A, 
HoLDEN,    H.   a.,   elected   Associate, 

16P. 
Holm,  V.  C.  F.,  temper- colouring  of 

stainless  steel,  99 A. 
Holt,   G.   J.,   sink-and-float  sepeura- 

tion  of  iron  ore,  118^. 

HOLTBY,  F.  : 

effect  of  sulphur  in  cast  iron,  QIA. 
synthetic  moulding  sand,  1 50 A. 
Homer,  C.  E.,  hot  tinning,  180-4. 
HoMMA,   M.,   abnormal  structiu^  in 

case-hfiu'dened  steel,  215 A. 
Hoover,    C.    R.,    disposal   of  waste 

liquor  from  chromium-plating 

plants,  177-4. 
Hoboer,    O.    J.,    effect    of    surface 

conditions  on  fatigue,  62 A. 
HoRiucHi,     P\,     basic     open-hearth 

process,  206^. 


HosKiNS,   H.   G.,  elected  Associate, 

16P. 
HoTGHKiBS,  A.  G.,  controlled  atmo- 
spheres for  annealing,  163^1. 
HouoH,  F.  A.,  cathodic  protection  of 

pipe  lines,  36.4. 
Houston,    £.    0.,    manufacture    of 

tjnre  steel,  163.4. 
HowAHB,  E.,  rolling  of  plates,  211.4. 
Howie,  T.  W.,  eflFect  of  zinc  oxide  on 
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Howling,  G.  E.,  chrome  ore  deposits, 
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HoYTi  8.  L.,  properties  and  structure 
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Hughes,  T.  P.,  cold-rolling  tests  of 
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Hugill,   W.,    action   of    alkalis    on. 
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Hunt,  H.,  effect  of  gas  pressure  on 
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iron,  264P. 
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Iki,  T.,  melting  of  steel  in  arc  furnace, 
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Rockwell  hardness  data,  220.4. 
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ISHiDA,  S.,  nickel-free  case-hardening 
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Jackson,  C.  E.,  weldability  tests  of 
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15P. 

Jackson,  J.  E.,  wear-resistant  coat- 
ings for  cylinder  liners,  132.4. 

Jacobs,  F.  B.,  conveyor  system  for 
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James,  D.,  Dewey  process  of  tube 
forming,  169.4. 
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Janitzky,  E.  Jm  stress-strain  rela- 
tionship in  tensile  test,  2^A. 

Jeffbbson,  T.  B.,  hard-facing, 
173^. 
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See  Adcock,  F. 
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Johansson,  S.,  corrosion-resistance 
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Johns,  H.  U.,  power  plant  of 
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Jones,  J.  E.,  welding  of  tubes  and 
pipes,  59^. 
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KosiYA,  K.,  determination  of  silicate 
inclusions  in  steel,  141^1.' 
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15P. 
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Lacy,  E.  D.,  weldabihty  of  steel,  17^. 
Lane,  H.  M.,  core  ovens,  90-4. 
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LiNSLEY,  H.  E.,  plating  and  painting 
of  aircraft  engme  cylinders, 
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Co.,  204il. 
plant  of  Weirton  Steel  Co.,  7.4. 
LoBio,  C.  H. : 

copper  oast  iron,  27.4. 
efifect  of  copper  on  cckst  iron,  63.4. 
LosHOHiLOV,     S.,     Beeoemer     steel, 

204^. 
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ciurents    for    zonal    healing, 
126^. 
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effect  of  controlled  atmospheres  on 

refiractories,  40^1. 
effect  of  protective  gases  on  re- 
fractories, 144-4. 
Frets-Moon  process  of  tube  pro- 
duction, 212  A, 
LowTHEB,  J.  G.,  creep  resistance  of 

steel,  222^. 
LxTTHEB,  G.  G.,  weldability  tests  of 

steel,  171-4. 
LiTYKBN,    W.,    separation    of   silica 

from  ore,  197^1. 
L'vovsKiY,  M.  Ya.  : 
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Lyon,  S.  W.,  tests  of  welded  rails, 
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Lyons,  E.  H.,  electrogalvanising  of 
wire,  178.4. 
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McAdam,  D.  J.,  jun.,  corrosion- 
fatigue  of  steel,  35.4. 

McAdam,  G.  D.,  elected  Associate, 
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McAbthur,    D.    Am    strip    finishing 

equipment,  10^. 
McCance,     a.,     determination      of 

oxygen  in  steel,  393P. 
McCabthy,     B.     L.,     microscopical 

examination  of  steel,  227 A. 
McCabtnet,  J.  T.,  shrinkage  of  coke, 

145^. 
Macconoohie,  a.  F.  : 
forging  of  shells,  210^. 
heating  of  billets  for  shell  forging, 

209^. 
MoCuTCHEON,  K.  C,  sampling  spoon 

for  open-hearth  baths,  91  A. 
Macey,     H^H.,    measurement    of 

apparant  porosity,  2A. 
MgFerbin,   W.   B.,   defects  in   iron 

castings,  TA, 
McGbb,  J.  H.  T.,  concrete  coatings 

for  pupes,  IS2A, 
MacGbeqcb,  C.  W.,  effect  of  stresses 

on       chromium-molybdenum- 
nickel  steel  tubes,  29^. 
Macobeoor,  M.,  mineral  resources  of 

Scotland,  38^. 
MoKenna,    p.    M.,    ockrbide   cutting 

tools,  130^. 
MoKncM,    P.    J.,   a^-hardening    of 

cold-rolled  strip,  66^. 
McLennan,  I.  M. : 
coal  washing,  119^. 
elected  Member,  14P. 
McMuiiLEN,  J.  C,  slag-testing  furnace 

for  refiractories,  86^. 
McPhebson,  D.  : 

gas  carburisation,  52 A, 
looal  hardening,  162^. 
mounting  of  metallographic  speci- 
mens, 69^. 
Maddoobs,  W.  R.  : 
•    Note :    **  The    Examination    of   a 

Series  of  Carbon  Steels,"  380P. 
Madono,   O.,   carburisation  of  iron, 

96^. 
Madyanov,  a.,  manufacture  of  alloy 

steel     in     basic     open-hearth 

furnace,  154^. 
Maeda,  G.,  high-tensile  plates,  227 A. 
Magbath,  J.  G.,  use  of  oxy-acetylene 

flame  for  drying  steel  prior  to 

painting,  IB2A. 
Mal*T8ev,   V.   E.,   determination  of 

nickel,  236^. 
Manning,    M.   J.,    determination   of 

sulphur    in    coal    and    coke, 

239/4. 
Mantexl,  C.  L.  : 

cleaning  and  coating  of  wire,  174 A, 
electrolytic  cleaning  of  metai,  21  A. 
wire-drawing  dies,  96A, 


Mantebfield,  D.,  elected  Member 
14P. 

Manuel,  B.  W.,  thickness  measure- 
ment of  chromium  coatings, 
17QA. 

Manzyuk,  N.  I.,  blast-furnace  flue 
dust,  42  il. 

Mabineov,  C,  elected  Associate,  15P. 

Mabkxts,  H.,  electrolsrtic  polishing  of 
metals,  136^. 

Mabsden,  F.,  silicon-iron  castings, 
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Mabbhalt.,  S.,  determination  of 
oxygen  in  steel,  139il. 

Masselu,  J.  W.,  disposal  of  waste 
liquor  from  chromium-plating 
plant,  177^. 

Matis,  H.  A.,  electro-magnetic  stir- 
ring action  in  spot  welding, 
216^. 

Matsumoto,  £.,  ckluminium-iron- 
titanium  diagram,  230^. 

Matsuy;ama,  K.,  melting  of  steel  in 
arc  furnace,  92^. 

Maugeb,  D.  N.,  boilers  for  steel 
plants,  88^. 

Mayeb,  S.  E.,  elected  Associate,  15P. 

Mehl,  R.  F.  : 

diffusion  of  nickel  in  ganmia  iron, 

190^. 
electrolytic    polishing    of    metals, 

136^. 
meteoric  iron,  189^. 

Menzies,  Rt.  Hon.  R.  G.,  speech  at 
Luncheon,  3P. 

Mebchant,  M.  E.  : 

chip  formation  in  machining,  61il. 
surface   friction   of  clean   metals, 
107^. 

Mebbhx,  T.  W.,  effect  of  deoxidation 
on  hardenability,  65^. 

Messeble,  K.  v.,  use  of  iron- 
impregnated  coke  in  blast- 
furnaces, 43^. 

Mbtcai«fe,  G.  J.,  elected  Associate, 
16P. 

Methley,  B.  W.,  elected  Member, 
14P. 

Meijbeb,  O.,  slip  in  friction-roll 
drives,  212^. 

Milleb,  D.  S.,  magnetic  permeability 
of  iron-chromium-nickel  alloys, 
27^. 

Milleb,  E.  p.,  galvanised  coatings, 
22A. 

Mtt.t.eb,  M.  J.,  oil  recovery  from  coke- 
oven  gas,  4A,  . 

Mima,  G.,  properties  of  rivets,  112-4. 

MiNDLiN,  R.  D.,  stress  analysis, 
103^. 
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MiNERT,  G.  K.,  effect  of  manffanese 
on  graphitisation  of  maUeable 
cast  iron,  149^. 

MiNKEViCH,  N.,  heat-treatment  fur- 
naces, 213^. 

MiTCHEix,  T.  E.,  elected  Member,  14P. 

Mrrtn,  S.,  determination  of  sulphur, 
236^. 

MONTOOBfEBY,  T.  B.  : 

pressing    euid    tension    control    in 

rolling  tinplate,  124^. 
tension  control  in  strip  mills,  95^1. 

MoNYPBNNY,  J.  H.  G.,  alloy  steels, 
134^. 

Moore,  H.  F.  :  ^ 

effect  of  rate  of  streun  in  tensile 

tests,  219A. 
welded  rails,  18^. 

Morgan,  A.  F.,  clay  gun  for  tap- 
holes,  146^. 

MoBiDERA,  K.,  high-tensile  plates^ 
227^. 

MoRRAii,  F.  R.  : 

corrosion  of  galvanised  sheets,  34^4. 
electrodeposition  of  zinc,  22^. 
galvanised  coatings,  22^. 
X-ray      and      electron-di£Eraction 

studies,  30^. 
zinc  coatings,  178^4. 

Morris,  J.  S.,  detection  of  carbon 
monoxide,  3^. 

Morrison,  J.  G.,  high-speed  steel,  97^. 

MoRROOH,  H.  : 

Paper:  **The  Polishing  of  Cast 
Iron  Micro -Specimens  and  the 
Metallography  of  Graphite 
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254P.  Correapondence,  260P. 
Author'a  Reply,  276P. 
Paper  :  * '  The  Metallography  of 
Inclusions  in  Cast  Irons  cmd 
Pig  Irons, '  *  207P.  Diacuaaion, 
254P.  Correapondence,  260P. 
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awfiurded  Carnegie  Research  Grant, 
17P. 

MoRTSELL,  S.,  purification  of  water  in 
ore-concentration  plants,!  18-4. 

MoTOK,  G.  T.,  iron-phosphorus  alloys, 
223^. 

MoTT,  R.  A.,  calorific  value  of  carbon 
in  coal,  119^. 

MoxLEY,  T.  R.,  maintenance  shops  in 
steel  plants,  208^. 

Mueller,  J.,  inspection  of  forgings, 
210i4. 

Mukherjee,  K.  K.,  elected  Member, 
14P. 

Murakami,  T.,  acid  resistance  of  iron 
alloys,  117^. 


MuRAMOTO,  K.,  melting  of  steel  in 
arc  furnace,  92^. 

MuRATA,  T.,  iron-silicon  diagram, 
138^. 

Murphy,  E.  J.,  corrosion  of  metals  by 
flue  gases,  116^4. 

MxjRRAH,  E.  S.,  Ward-Leonard  con- 
trol for  strip  mills,  124^. 

Murray,  W.  : 

Paper  :  **  Description  of  the  Pro- 
cedure now  Adopted  for  the 
Chlorine  Method.**  See  Col- 
beck,  E.  W. 
Paper  :  *  *  General  Summary  Show- 
ing the  AppUcaUiity  and  Util- 
ity of  the  Chloraie  Method.** 
See  CoLBECK,  E.  W. 

MussER,  D.  F.,  azialysis  of  chrome 
ore  euid  chrome  refractories, 
240^. 

MuTCHLEB,  W.,  corrosion  of  iSircraft 
metals,  34^. 

Naden;  J.  W.  R.,  elected  Member, 
14P. 

Naoata,  K.,  speotrum  analysis,  141^. 

Naito,  I.,  chromium  cast  iron,  110^. 

Natarov,  P.,  break-through  of  blast- 
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